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3HHU SURGXFHG SHHU OHDUQLQJ 
$ PDWKHPDWLFV FDVH VWXG\
E\
-RVHSK $QJXV &RUQHOL %$
$ WKHVLV VXEPL॔HG LQ SDUWLDO IXOਖ਼OOPHQW RI WKH UHTXLUHPHQWV
IRU WKH GHJUHH RI 'RFWRU RI 3KLORVRSK\
.QRZOHGJH 0HGLD ,QVWLWXWH
ॡH 2SHQ 8QLYHUVLW\ 0LOWRQ .H\QHV 8.
6XEPL॔HG -XO\  
([DPLQHG 'HFHPEHU  

$EVWUDFW
ॡLV UHVHDUFK SURMHFW GHYHORSV DURXQG D WHFKQRORJLFDO LQWHUYHQWLRQ LQWHQGHG WR WUDQV
IRUP D SHHU SURGXFHG UHIHUHQFH UHVRXUFH LQWR D SHHU SURGXFHG OHDUQLQJ HQYLURQPHQW
ॡURXJK WKH ZRUN GHVFULEHG LQ WKLV WKHVLV 3ODQHW0DWKRUJ DQ HDUO\ RQOLQH FRPPXQLW\
GHYRWHG WR PDWKHPDWLFV KDV QRZ EHFRPH D PDWKHPDWLFDO SUDFWLFXP DQG D ODERUDWRU\
IRU OHDUQLQJ VFLHQFH
$ QHZ WKHRU\ WKDW GHVFULEHV WKH QH[XV RI SHHU SURGXFWLRQ DQG SHHU OHDUQLQJ LV IRXQGD
WLRQDO IRU WKH UHVHDUFK SURJUDPPH ॡH FDQGLGDWH WKHRU\ ZDV LQLWLDOO\ GHYHORSHG GXULQJ
D SLORW VWXG\ EDVHG RQ RQOLQH ਖ਼HOG ZRUN DW WKH 3HHU3HHU 8QLYHUVLW\ ॡH QHZ WKHRU\
ۙ ZKLFK LV JLYHQ WKH QDPH ۢSDUDJRJ\ۣ ۙ KDV LPSOLFDWLRQV IRU GHVLJQHUV UHVHDUFKHUV HG
XFDWRUV DQG RWKHUV ZKRVH ZRUN UHOLHV RQ SHHU OHDUQLQJ DQG SHHU SURGXFWLRQ )XUWKHU
UHVHDUFK DQG GHYHORSPHQW ZRUN LQ WKH 3ODQHW0DWK FRQWH[W KHOSHG WR UHਖ਼QH WKH WKHRU\
DQG DSSOLHG LW DORQJ ZLWK D UDQJH RI PL[HG PHWKRGV WR GHYHORS DQ DQWKURSRORJLFDOO\
LQVSLUHG VWXG\ RI PRGHUQ PDWKHPDWLFV
$ TXDQWLWDWLYH DSSURDFK ZDV HPSOR\HG WR GHWHFW WKH IDFWRUV RI LQWHUDFWLRQ WKDW LQਗ਼XHQFH
OHDUQLQJ RXWFRPHV XVLQJ OHJDF\ GDWD IURP 3ODQHW0DWK $ TXDOLWDWLYH LQWHUYLHZEDVHG
DSSURDFK ZDV HPSOR\HG WR XQGHUVWDQG WKH GHVLGHUDWD SRWHQWLDO XVHUV RI D QHZ V\VWHP
HPSKDVL]LQJ SHHU OHDUQLQJ ॡH QHZ VR॑ZDUH V\VWHP ZDV LPSOHPHQWHG LQIRUPHG E\
SDUDJRJ\ DQG WKHVH VWDNHKROGHU SHUVSHFWLYHV XVLQJ 'UXSDO DQG RWKHU RSHQ VRXUFH FRP
SRQHQWV )LHOG ZRUN ZLWK 3ODQHW0DWK XVHUV D॑HU WKH ODXQFK RI WKH QHZ V\VWHP HPSOR\HG
DQ HPHUJHQW GHVLJQ SURFHVV WR HODERUDWH WKH WKHRU\ DQG GHYHORS D YLDEOH DSSURDFK WR RQ
JRLQJ GHYHORSPHQW DQG FRGHVLJQ

$FNQRZOHGJHPHQWV
3HWHU 6FR॔ DQG $OH[DQGHU 0LNUR\DQQLGLV VXSHUYLVHG P\ZRUN 0DULDQ 3HWUH DQG0DUWLQ
2OLYHU H[DPLQHG LW , WKLQN WKH\ ZLOO DOO DJUHH LW KDV EHHQ D ORW RI ZRUN WR JHW WR WKLV SRLQW
ॡDQN \RX IRU DOO RI \RXU KHOS
ॡDQNV IRU KHOS DQG LQVSLUDWLRQ DV ZHOO WR /XWKHU 3 *HUODFK 3DW 0F'RQDOG 7LPRWK\
7HUDYDLQHQ 5RE 0H\HUV &DUROLQH $UUXGD 5REHUW &RRNVH\ )UDQN 0RUJDQ .\OH 6FKDOP
%UXFH 3RUWHU $DURQ .URZQH 5D\PRQG 3X]LR -LP 3LWPDQ (OOD .HDUQH\ $QGHUV $PDOD
1LFROH $VVHOLQ 3DXO 0XOKROODQG -RKQ 0F/HDU $OHNVDQGUD 3DZOLN 6WHIDQ .UHLWPH\HU
.DWKHULQH .LOOLFN 0LFKDHO .RKOKDVH $QGUHD .RKOKDVH &KULVWRSK /DQJH 'H\DQ *LQHY
&RQVWDQWLQ -XFRYVFKL &DWDOLQ 'DYLG $OH[ 'XPLWUX %UXFH 0LOOHU /XFDV $QDVWDVLRX
&KDUOLH 'DQR੘ 0DULVD 3RQWL :RXWHU 7HEEHQV )DEUL]LR 7HU]L +RZDUG 5KHLQJROG 3DROD
5LFXDUWH 'RXJ %UHLWEDUW $QQD .HXQH 5«JLV %DURQGHDX &KDUOR॔H 3LHUFH *HRUJH %UH॔
.\OH /DUVRQ 7HU\O &DUWZULJKW 'RURWD 0DUFLQLDN $QHVD +RVHLQ $OLVRQ 3HDVH 8UVXOD
0DUWLQ $QGUHZ $EHUGHLQ -DPLH *DEED\ 6LU 7LPRWK\ *RZHUV 0RKDQ *DQHVDOLQJDP
0LFKDHO - %DUDQ\ DQG 6LPRQ &ROWRQ
ࡍHUH LV D SRRO RI EORRG VRPHZKHUH D SODFH \RX FDPH IURP <RX ZLOO डQG WKLV EORRG
SHWULडHG LQWR VWRQH DQG LW LV UHG ,W FRPHV IURP D VDFUHG VSRW FRPPRQ WR DOO SHRSOH
ZKHUH HYHQ HQHPLHV DUH WXUQHG LQWR IULHQGV DQG UHODWLYHV
/DPH 'HHU 6HHNHU RI YLVLRQV 
$PRQJ DOO P\ IULHQGV DQG UHODWLRQV , SDUWLFXODUO\ ZLVK WR WKDQN P\ IDWKHU 6WHYH &RUQHOL
, UHPHPEHU ZKHQ , DVNHG KLP IRU KHOS ZLWK D JHRPHWU\ SUREOHP DQG KH VDLG WR PH
ۢ'R \RX MXVW ZDQW WKH DQVZHU RU GR \RX ZDQW WR UHDOO\ XQGHUVWDQG KRZ LW ZRUNV"ۣ ,
ZDV IDU WRR DVKDPHG WR DGPLW WKDW ZKDW , ZDQWHG ZDV WKH DQVZHU VR , WKLQN , VDLG
ۢ%RWKۣ , WKRXJKW DERXW LW VRPH PRUH D॑HUZDUGV DQG UHDOL]HG ZKDW , UHDOO\ ZDQWHG ZDV
D FRPSXWHU SURJUDP WKDW ZRXOG KHOS PH XQGHUVWDQG KRZ WR JHW WKH DQVZHU :HOO , GRQ۟W
KDYH WKH FRPSXWHU SURJUDP \HW %XW , NQRZ D ORW PRUH DERXW KRZ LW ZRUNV
)LJXUH  LV k  *HUU\ 6WDKO DQG LV XVHG KHUH ZLWK SHUPLVVLRQ
)LJXUH  LV k  6HDQ *RJJLQV DQG LV XVHG KHUH ZLWK SHUPLVVLRQ
7DEOHV   DQG SDUWV RI &KDSWHU  DSSHDU LQ DOWHUHG IRUP LQ WKH 3HHUDJRJ\ +DQGERRN
$SSHQGL[ % GUDZV H[WHQVLYHO\ RQ QRWHV IURP D SXEOLF OHFWXUH RQ ۢ0RGHOOLQJ WKH PDWK
HPDWLFDO GLVFRYHU\ SURFHVVۣ SUHVHQWHG E\ 6LU 7LPRWK\ *RZHUV LQ KLV 0D[ZHOO ,QVWLWXWH
/HFWXUH DW WKH 8QLYHUVLW\ RI (GLQEXUJK 1RYHPEHU  

3XEOLFDWLRQV
(OHYHQ UHFHQW SHHU UHYLHZHG SXEOLFDWLRQV KHOSHG WR H[SOLFDWH WKH PDLQ LGHDV LQ WKH WKH
VLV LQ WKH FRQWH[W RI DFDGHPLF GLDORJ ॡHVH SDSHUV ZHUH SXEOLVKHG LQ YHQXHV GHYRWHG WR
ZLNLV RSHQ NQRZOHGJH OHDUQLQJ GHVLJQ OHDUQLQJ VFLHQFH FRPSXWHU PDWKHPDWLFV DQG
FRPPRQV JRYHUQDQFH ॡH WKHVLV GUDZV RQ DQG FRPSOHPHQWV UHFHQW H[SHULPHQWV ZLWK
UHVHDUFKWKURXJKZULWLQJ 7RPOLQVRQ HW DO  DQG MRLQW ZRUN RQ WKH 3HHUDJRJ\+DQG
ERRN 5KHLQJROG HW DO  ॡH EHQHਖ਼WV RI FROODERUDWLRQ LQ UHVHDUFK DUH SDUWLFXODUO\
FOHDU IRU UHVHDUFK RQ FROODERUDWLRQ DV WKLV DOORZV WKHRUHWLFDO LGHDV DERXW WKH WRSLF RI
VWXG\ WR EH GHYHORSHG DQG JURXQGHG LQ SUDFWLFH ॡH DVVRFLDWHG SXEOLFDWLRQ WUDFN UHFRUG
UHਗ਼HFWV WKH LQWHUGLVFLSOLQDU\ DQG PHGLDWHGO\VRFLDO QDWXUH RI WKLV SURMHFW ॡDW VDLG LQ
FRQIRUPLW\ ZLWK DFDGHPLF QRUPV WKH WH[W SUHVHQWHG KHUH UHPDLQV WKH UHVSRQVLELOLW\ RI
D VLQJOH DXWKRU
&॰३ॸॼ७ॺ  +ॱॻॼॷॺॱ५३ॴ %३५ॳ९ॺॷॽॶ६
ڒ -RVHSK &RUQHOL  ॡH 3ODQHW0DWK (QF\FORSHGLD LQ:RUNVKRS RQ 0DWKH
PDWLFDO :LNLV 0DWK:LNLV DW ,73 QG ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QWHU
DFWLYH ࡍHRUHP 3URYLQJ  1LMPHJHQ 1/ $XJXVW WK 
ॡLV SDSHU SURYLGHV D UHWURVSHFWLYH ORRN DW 3ODQHW0DWK۟V ਖ਼UVW GHFDGH ॡLV
PDWHULDO LV XVHG WR WR GHYHORS D GLVSDVVLRQDWH SHUVSHFWLYH RQ 3ODQHW0DWK۟V
VWUHQJWKV DQG ZHDNQHVVHV
&॰३ॸॼ७ॺ  7॰७ॷॺ७ॼॱ५३ॴ %३५ॳ९ॺॷॽॶ६
ڒ -RVHSK &RUQHOL DQG $OH[DQGHU 0LNUR\DQQLGLV  &URZGVRXUFLQJ (GXFD
WLRQ RQ WKH :HE $ 5ROHEDVHG $QDO\VLV RI 2QOLQH /HDUQLQJ &RPPXQLWLHV LQ
$OH[DQGUD 2NDGD 7HUHVD &RQROO\ DQG 3HWHU 6FR॔ HGV &ROODERUDWLYH /HDUQ
LQJ  2SHQ (GXFDWLRQDO 5HVRXUFHV ,*, *OREDO
ॡLV ERRN FKDSWHU SURYLGHV DQ DQDO\VLV RI OHDUQLQJ LQ WHUPV RI LWV FRQVWLWXHQW
UROHV ॡLV LV UHDVVHVVHG KHUH WR EH॔HU HPSKDVL]H WKH LPSRUWDQFH RI FRQWH[W
ڒ -RVHSK &RUQHOL DQG &KDUOHV -H੘UH\ 'DQR੘  3DUDJRJ\ LQ 2.&RQ 
3URFHHGLQJV RI WKH WK 2SHQ .QRZOHGJH &RQIHUHQFH
ॡLV ZDV WKH ਖ਼UVW SXEOLVKHG SDSHU RQ WKH SDUDJRJ\ IUDPHZRUN GHYHORSHG LQ
D SLORW VWXG\ DW WKH 3HHU3HHU 8QLYHUVLW\ 3DUDJRJ\ LV WKH FHQWUDO LGHD WKDW
LV GHYHORSHG LQ WKH WKHVLV
Y
ڒ -RVHSK &RUQHOL DQG $OH[DQGHU 0LNUR\DQQLGLV  3HUVRQDOLVHG DQG 3HHU
6XSSRUWHG /HDUQLQJ ॡH 3HHUWR3HHU /HDUQLQJ (QYLURQPHQW 33/( 'LJL
WDO (GXFDWLRQ 5HYLHZ 
ॡLV SDSHU UHLQWHUSUHWV SDUDJRJ\ DV D VHW RI GHVLJQ SULQFLSOHV ॡHVH DUH
GUDZQ XSRQ WR SUHVHQW D XQGHUVWDQG VWDNHKROGHU SHUVSHFWLYHV RQ WKH 3ODQ
HW0DWK UHEXLOG
ڒ -RVHSK &RUQHOL 3DUDJRJLFDO 3UD[LV (/HDUQLQJ DQG 'LJLWDO 0HGLD  
ॡLV SDSHU ORRNV DW WKH PHWKRGV WKDW SHRSOH FDQ XVH WR ۢGRۣ SDUDJRJ\ 7R
JHWKHU ZLWK WKH GHVLJQ SULQFLSOHV PHQWLRQHG DERYH WKLV ZRUN LV XVHG WR GH
YHORS D FRQVLVWHQW IUDPHZRUN IRU DQDO\VLV RI SHHU SURGXFHG SHHU OHDUQLQJ LQ
WHUPV RI V\VWHP FKDQJH
&॰३ॸॼ७ॺ  0७ॼ॰ॷ६ॷॴॷ९ঁ
ڒ -RVHSK &RUQHOL DQG 0DULVD 3RQWL  'HWHFWLQJ PDWKHPDWLFV OHDUQLQJ RQ
OLQH LQ +RGJVRQ 9 -RQHV & GH /DDW 0 0F&RQQHOO ' 5\EHUJ 7 	 6ORHS 3
HGV 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 1HWZRUNHG /HDUQLQJ
  $SULO  0DDVWULFW 1/
ॡLV SDSHU FRQVLGHUV WKH SURVSHFWV IRU PRGHOLQJ WKH FDXVHV RI OHDUQLQJ LQ DQ
RQOLQH FRQWH[W ॡH SDSHU SUHVHQWHG IRXQGDWLRQDO GHVLJQV IRU ERWK D TXDQ
WLWDWLYH DQDO\WLF DSSURDFK DQG D TXDOLWDWLYH KHXULVWLF DSSURDFK ॡHVH LGHDV
DUH VKDUSHQHG LQ &KDSWHU  WR GHVFULEH WKH UHVHDFK PHWKRGV WKDW ZLOO EH XVHG
LQ VXEVHTXHQW FKDSWHUV
&॰३ॸॼ७ॺ  ,ॵॸॴ७ॵ७ॶॼ३ॼॱॷॶ
ڒ -RVHSK &RUQHOL &RQVWDQWLQ -XFRYVFKL DQG $OH[DQGHU 0LNUR\DQQLGLV 
3ODQHW0DWK 5HGX[ :HE  LQIUDVWUXFWXUH IRUPDWKHPDWLFDO SUREOHP VROYLQJ
LQ 7HFKQRORJ\(QKDQFHG /HDUQLQJ IRU 0DWKHPDWLFV DQG 6FLHQFH /DQGPDUN 5H
VHDUFK DQG 1HZ &RQWULEXWLRQV 7(/0$6#(&7(/ڥ 6HSWHPEHU  
3DOHUPR ,WDO\
ॡLV SDSHU SUHVHQWHG D SUHOLPLQDU\ RXWOLQH RI ZKDW LW ZRXOG PHDQ WR FRQ
YHUW 3ODQHW0DWK LQWR D ۢOHDUQLQJ HQYLURQPHQWۣ ॡLV LV H[SDQGHG KHUH ZLWK D
UHTXLUHPHQWV DQDO\VLV LQIRUPHG E\ UHVHDUFK ZLWK VWDNHKROGHUV
ڒ -RVHSK&RUQHOL DQG0LUFHD$OH[DQGUX'XPLWUX  3ODQHW0DWK3ODQHWDU\
LQ 3URFHHGLQJV RI :RUNV LQ 3URJUHVV WUDFN 0DWK8, DQG 2SHQ0DWK ZRUNVKRSV DW
WKH &RQIHUHQFHV RQ ,QWHOOLJHQW &RPSXWHU 0DWKHPDWLFV 
ॡLV SDSHU SUHVHQWHG D WHFKQLFDO RYHUYLHZ RI WKH 'UXSDO  EDVHG UHEXLOG RI
3ODQHW0DWK۟V LQIUDVWUXFWXUH &KDSWHU  SUHVHQWV DQ DQDO\VLV RI WKH GHSOR\HG
V\VWHP LQFOXGLQJ VFUHHQVKRWV
YL
&॰३ॸॼ७ॺ  8ॻ७ॺ ७ॾ३ॴॽ३ॼॱॷॶ
ڒ -RVHSK &RUQHOL 'RURWD 0DUFLQLDN &KDUOHV -H੘UH\ 'DQR੘ &KDUOR॔H 3LHUFH
3DROD 5LFDXUWH -DQ +HUGHU 6X] %XUURXJKV *HRUJH %UH॔ DQG -RKQ *UDYHV
 %XLOGLQJ WKH 3HHUDJRJ\ $FFHOHUDWRU LQ 0HJDQ ॠHQWLQ%D[WHU HG
3URFHHGLQJV RI 2(5 EXLOGLQJ FRPPXQLWLHV RI RSHQ SUDFWLFH
ॡLV SDSHU GHVFULEHV ZRUNLQSURJUHVV RQ SURMHFWWRSURMHFW FROODERUDWLRQ LQ
WKH 3HHUDJRJ\ SURMHFW VXSSRUWHG E\ D GHVLJQ SD॔HUQ PHWKRGRORJ\ ॡH DS
SURDFK WR FROODERUDWLRQ GHVFULEHG LQ WKLV SDSHU LQIRUPHG P\ LQWHUSUHWDWLRQ
RI XVHU IHHGEDFN RQ 3ODQHW0DWK3ODQHWDU\
&॰३ॸॼ७ॺ  'ॱॻ५ॽॻॻॱॷॶ
ڒ -RVHSK &RUQHOL $QQD .HXQH $PDQGD /\RQV DQG &KDUOHV -H੘UH\ 'DQR੘
 3HHUDJRJ\ LQ $FWLRQ LQ .DLWO\Q %UD\EURRNH -XVVL 1LVVLO¦ DQG 7LPR
9XRULNLYL HGV ࡍH 2SHQ %RRN  LQ WKH 5HDNWLR 6HULHV SXEOLVKHG E\ ॡH
)LQQLVK ,QVWLWXWH LQ /RQGRQ 8. ,6%1 
2QH NH\ TXHVWLRQ LQ P\ GLVFXVVLRQ FKDSWHU LV ZKHWKHU 3ODQHW0DWK LV XVHIXO
IRU LQVWUXFWRUV LQ SUDFWLFH ॡLV ERRN FKDSWHU D SUHVHQWV D JHQHUDOSXUSRVH
GHVLJQ IRU SHHU OHDUQLQJ DFWLYLWLHV LW LV LQVWDQWLDWHG KHUH ZLWK D FRQFUHWH H[
DPSOH
ڒ -RVHSK &RUQHOL  7RZDUGV D &UHDWLYLW\ &RPPRQV )LࡆK ڨ:RUNVKRS RQ
WKH 2VWURP :RUNVKRSک :2: :RUNLQJ JURXS ۢॡH &RPPRQV DV 7UDQV
IRUPDWLYH 3DUDGLJP ۣ
ॡLV SDSHU KHOSHG WR FODULI\ WKH SKLORVRSKLFDO LVVXHV XQGHUO\LQJ WKH GHVLJQ
SD॔HUQ PHWKRGRORJ\ , GUDZ RQ WKLV ZRUN WR KHOS H[SODLQ WKH EURDGHU LPSOL
FDWLRQV RI WKH UHVHDUFK SUHVHQWHG KHUH
YLL

/LVW RI )LJXUHV DQG 7DEOHV
)LJ  ॡLV LV WKH VRUW RI H[WHQVLRQ ZH۟G OLNH WR GHYHORS               
)LJ  3ORW VKRZLQJ WKH QXPEHU RI PHVVDJHV DUWLFOHV DQG FRUUHFWLRQV DGGHG
WR 3ODQHW0DWK RYHU WKH ODVW GHFDGH                       
7DE  6XFFLQFW UHYLHZ RI WKH 3ODQHW0DWK (QF\FORSHGLD              
)LJ  $Q H[DPSOH XVH FDVH IRU SUREOHP VROYLQJ VXSSRUW RQ 3ODQHW0DWK    
7DE  5ROHV VXUURXQGLQJ WKH ',< 0DWK FRXUVH DW 338               
7DE  &ULWHULD IURP :LOOLDP ॡXUVWRQ                         
7DE  3UREOHPVROYLQJ KHXULVWLFV VXJJHVWHG E\ 0LQVN\ ZLWK QHZ PQHPRQLFV 
7DE  &ULWHULD IURP *HUU\ 6WDKO                             
)LJ  6WDKO۟V GLDJUDP RI IDFWRUV LQYROYHG LQ FROODERUDWLYH NQRZOHGJH EXLOGLQJ
)LJXUH  IURP 7UDQVODWLQJ (XFOLG &UHDWLQJ D KXPDQFHQWHUHG PDWKH
PDWLFV k  *HUU\ 6WDKO XVHG ZLWK SHUPLVVLRQ DQQRWDWLRQV ⋆ DQG
⋆⋆ DGGHG WR LQGLFDWH WKH SRLQWV RI GHSDUWXUH DQG DUULYDO IRU WKH WZR
PDLQ F\FOHV                                     
)LJ  2YHUYLHZ RI WKH *URXS ,QIRUPDWLFV 0RGHO )LJXUH  IURP ۢ*URXS LQ
IRUPDWLFV $ PHWKRGRORJLFDO DSSURDFK DQG RQWRORJ\ IRU VRFLRWHFKQLFDO
JURXS UHVHDUFK ۣ k  6HDQ *RJJLQV XVHG ZLWK SHUPLVVLRQ      
7DE  &ULWHULD IURP *RUGRQ 0F&DOOD                          
7DE  &ULWHULD IURP 5LFKDUGVRQ DQG 'RPLQJRV                    
7DE  &ULWHULD IURP 5LFKDUGVRQ DQG 'RPLQJRV DSSOLHG WR GHVFULEH WKUHH FRP
PXQLWLHV ZKHUH PDVV FROODERUDWLRQ KDSSHQV 3ODQHW0DWK :LNLSHGLD
DQG 'UXSDORUJ                                   
7DE  &ULWHULD IURP 7DXVF]LN DQG 3HQQHEDNHU                    
)LJ  /LQNV EHWZHHQ WKH NH\ GLPHQVLRQV FRPLQJ IURP WKH OLWHUDWXUH      
)LJ  ॠHVWLRQV IRU GLVFXVVLRQ SRVHG WR SDUWLFLSDQWV LQ WKH LQLWLDO IRFXV JURXS
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 6WXG\LQJ 0DWKHPDWLFV WKH
&RPPRQV%DVHG 3HHU
3URGXFWLRQ :D\
0DWKHPDWLFV LV D VRFLDOO\ VKDUHG V\PEROLFDOO\ ڒ DQG WHFKQRORJLFDOO\ ڒPHGLDWHG
FXOWXUDO DFWLYLW\ ࢌLV VXJJHVWV WKDW RQH ZD\ WR XQGHUVWDQG PDWKHPDWLFV EHWWHU
LV WR ORRN DW KRZ SHRSOH GRPDWKHPDWLFV
 :KDW WKLV LV DQG LV QRW
ॡLV GRHV QRW PHDQZDWFKLQJ RYHU LQGLYLGXDOV ZKR DUH VROYLQJPDWKHPDWLFV SUREOHPV
DQG WDNLQJ QRWHV RQ KRZ R॑HQ WKH\ ORRN RXW WKH ZLQGRZ DQG ZKHWKHU RU QRW WKH\ XOWL
PDWHO\ JHW WKH FRUUHFW DQVZHU 1RU ZLOO WKLV VWXG\ UHO\ IRU WKH PRVW SDUW RQ WKH HYHQ
PRUH W\SLFDO DQG REYLRXV LGHD EHLQJ WKDW SHUVRQ RQHVHOI $V (XJHQH 0DWXVRY DUJXHV
)RFXVLQJ RQ WKH LQGLYLGXDO DV WKH XQLW RI DQDO\VLV EOLQGV UHVHDUFKHUV DQG HGXFDWRUV
IURP VHHLQJ WKH V\VWHPLF FRPSOH[LW\ RI SV\FKRORJLFDO SKHQRPHQD DQG IURP FRQVLGHULQJ
V\VWHPLF VROXWLRQV WR FRPSOH[ SV\FKRORJLFDO DQG VRFLDO SUREOHPV 0DWXVRY 
5DWKHU WKDQ VWXG\LQJ PDWKHPDWLFV LQ WKH WUDGLWLRQDO ZD\ E\ VROYLQJ PDWKHPDWLFV
SUREOHPV ۙ RU IRFXVLQJ H[FOXVLYHO\ RQ VWXG\LQJ GLVFUHWH LQVWDQFHV RI RWKHUV۟ SUREOHP
VROYLQJ ۙ WKH SURSRVDO LV WR WKH H[WHQW SRVVLEOH WR VWXG\ PDWKHPDWLFV DV D FXOWXUDO V\V
WHP ,Q LWVHOI WKLV SHUVSHFWLYH LV QRW QHZ /XGZLJ :L॔JHQVWHLQ ZURWH WKDW ۢPDWKHPDWLFV
LV DࡆHU DOO DQ DQWKURSRORJLFDO SKHQRPHQRQۣ :L॔JHQVWHLQ  i9 :L॔JHQVWHLQ
ORRNHG DW WKH IRXQGDWLRQV RI PDWKHPDWLFV SULPDULO\ WKURXJK WKH OHQV RI ODQJXDJH )RU
H[DPSOH ۢ$ GHडQLWLRQ VLJQLडHV D FKDQJH LQ WHFKQLTXHۣ :L॔JHQVWHLQ  S 
,Q ۙ DV D EHJLQQLQJ VWXGHQW RI FXOWXUDO DQWKURSRORJ\ DQG PXOWLYDULDEOH FDO
FXOXV LW RFFXUUHG WR PH WKDW PDWKHPDWLFV ZDV SHUKDSV WKH LGHDO H[DPSOH RI ۢFXOWXUH ۣ

&KDSWHU  6WXG\LQJ 0DWKHPDWLWLFV
ZKHQ WKLV LV XQGHUVWRRG WR PHDQ
>6@RFLDOO\ DFTXLUHG V\PEROLFDOO\ PHGLDWHG V\VWHPV RI WHFKQRHFRORJLFDO DGDSWLYH VWUDW
HJ\ RUJDQL]DWLRQ >    @DQG FRVPRORJ\>@
/XWKHU 3 *HUODFK TXRWHG LQ %UDQGW 
$W WKH WLPH P\ DPELWLRQ WR VWXG\ PDWKHPDWLFV DV D SDUWLFLSDQW REVHUYHU PHDQW GRLQJ
WKH REYLRXV WKLQJ DQG EHFRPLQJ DPDWKHPDWLFV VWXGHQW ,W ZDV RQO\ ODWHU ZKHQ , EHFDPH
DFTXDLQWHG ZLWK FXUUHQW FRPSXWDWLRQDO DQG FRPSXWHUDLGHG DSSURDFKHV WR PDWKHPDWLFV
WKDW WKH IRXQGDWLRQV IRU WKH FXUUHQW VWXG\ ZRXOG EHJLQ WR GHYHORS LQ HDUQHVW
:KDW , KDYH PRUH UHFHQWO\ REVHUYHG DQG SDUWLFLSDWHG DFWLYHO\ LQ DQG ZKDW ZLOO EH
GHVFULEHG KHUH LV WKH FROODERUDWLYH GHVLJQ DQG GHYHORSPHQW RI DQ RQOLQH OHDUQLQJ VSDFH
IRU PDWKHPDWLFV ॡLV ZRUN IHDWXUHV PDWKHPDWLFDO FXOWXUH DW LWV RZQ PRVW ۢFXOWXUDOۣ
OHYHO DQG HYRNHV ۢVRۣ॑ FXOWXUDO SD॔HUQV ۙ IRU LQVWDQFH YDOXHV SHUWDLQLQJ WR HQFXOWXU
DWLRQ 7R WDON DERXW HQFXOWXUDWLRQ UDWKHU WKDQ OHDUQLQJ KHUH LV ۢHPSKDVL]LQJ QRW MXVW D
FRQGLWLRQLQJ SURFHVV EXW DQ DGDSWDWLRQ SURFHVVۣ %UDQGW HW DO  ,QGHHG DW OHDVW LQ
WKH FXUUHQW VH॔LQJ WKLV LV D GXDO DGDSWDWLRQ QRW RQO\ RI SHRSOH WR FXOWXUH EXW RI WKH
FXOWXUH LWVHOI
ॡLV VWXG\ ZLOO H[SORUH WKH ZD\V SHRSOH WKLQN DERXW PDWKHPDWLFV DQG UDPLI\ WKHLU
ۢQDWLYHۣ WKHRULHV DQG SUDFWLFHV RI PDWKHPDWLFDO FXOWXUH ,W ZLOO GHYHORS D WKHRU\ RI SHHU
SURGXFHG SHHU OHDUQLQJ LQVSLUHG E\ DQG DV D UHਗ਼HFWLRQ RQ PDWKHPDWLFDO SUDFWLFH EXW
ZLWK EURDGHU LPSOLFDWLRQV ॡH ZRUN GUDZV LQVSLUDWLRQ IURP DQWKURSRORJ\ DQG SKLORV
RSK\ EXW WKH PHWKRGV DQG SULPDU\ RXWFRPHV SHUWDLQ WR KXPDQLVWLF FRPSXWLQJ DQG WR
FRPSXWHU VFLHQFH ॡH IROORZLQJ VHFWLRQV GHVFULEH WKH UHVHDUFK VH॔LQJ DQG DSSURDFK
LQGLFDWH WKH PDLQ VFLHQWLਖ਼F DQG SUDFWLFDO FRQWULEXWLRQV DQG RXWOLQH WKH DUJXPHQW RI WKH
WKHVLV
 6HWWLQJ DQG DXGLHQFH
3ODQHW0DWK LV D YLUWXDO FRPPXQLW\ ZKLFK DLPV WR KHOS PDNH PDWKHPDWLFDO NQRZOHGJH
PRUH DFFHVVLEOH 3ODQHW0DWKڥV FRQWHQW LV FUHDWHG FROODERUDWLYHO\ WKH PDLQ IHDWXUH LV
WKH PDWKHPDWLFV HQF\FORSHGLD ZLWK HQWULHV ZULࡉHQ DQG UHYLHZHG E\ PHPEHUV
$DURQ .URZQH F  RQ ?iiT,ffTHM2iKi?XQ`;
ॡH 3ODQHW0DWK HQF\FORSHGLD FXUUHQWO\ GHਖ਼QHV RYHU  PDWKHPDWLFDO WHUPV FRY
HULQJ ERWK EDVLF DQG DGYDQFHG PDWKHPDWLFDO WRSLFV (DFK SDJH LQ WKH HQF\FORSHGLD LV
DFFRPSDQLHG E\ D WKUHDGHG IRUXP GLVFXVVLRQ ॡH GHYHORSPHQW RI WKH VLWH DQG LWV KLJKO\
FXVWRP VR॑ZDUH ZDV WKH FHQWUDO WRSLF LQ $DURQ .URZQH۟V 0DVWHUV WKHVLV$Q $UFKLWHFWXUH
IRU &ROODERUDWLYH 0DWK DQG 6FLHQFH 'LJLWDO /LEUDULHV .URZQH ३

i 6HWWLQJ DQG DXGLHQFH
3ODQHW0DWK۟V E\OLQH LV ۢPDWK IRU WKH SHRSOH E\ WKH SHRSOHۣ ,W LV DQ H[DPSOH RI D UH
VRXUFH FUHDWHG WKURXJK ۢQRQ SURSULHWDU\ SURGXFWLRQ E\ SHHUV ZKR GR QRW LQWHUDFW HLWKHU
WKURXJK D डUP RU WKURXJK D PDUNHWۣ %HQNOHU  LQ VKRUW 3ODQHW0DWK LV SHHU SUR
GXFHG $V &KDSWHU  H[SODLQV D SDUWLFXODU VRUW RI ZKROO\ YLUWXDO RZQHUVKLS XQGHUOLHV
3ODQHW0DWK۟V RULJLQDO GHVLJQ EXW WKH VLWH LV QHYHUWKHOHVV D ۢFRPPXQLW\PDQDJHG FRP
PRQVۣ *DUGQHU 	 6WHUQ 
$OWKRXJK WKH HQF\FORSHGLD LV KLVWRULFDOO\ 3ODQHW0DWK۟V FHQWUDO IHDWXUH LW LV QRW WKH
SURMHFW۟V VROH FRPPLWPHQW 3ODQHW0DWK LV EH॔HU GHVFULEHG DV D PDWKHPDWLFV GLJLWDO OL
EUDU\ EXLOW ۢWKH FRPPRQVEDVHG SHHU SURGXFWLRQ ZD\ۣ .URZQH ४ ,Q D MRLQW SDSHU
H[SORULQJ SRWHQWLDO QHZ GLUHFWLRQV IRU WKH SURMHFW ZH ZURWH
:H डQG LW FRPSHOOLQJ WKDW LQ WKH FRQWH[W RI D GLJLWDO OLEUDU\ PDUJLQDO FRQYHUVDWLRQV
ZLWKLQ D WH[W SURYLGH D FKDQFH IRU UHDGHUV WR LQWHUDFW ZLWK SULPDU\ DXWKRUV DQG ZLWK
HDFK RWKHU DQG WR EHFRPH SULPDU\ DXWKRUV WKHPVHOYHV DOO DW RQFH :KLOH PDUJLQDOLD
DUH FRQVLGHUHG WR EH YDQGDOLVP LQ SK\VLFDO OLEUDU\ ERRNV LQ D GLJLWDO OLEUDU\ WKHUH LV QR
UHDVRQ WR IHDU WKHP ڟ WKH\ FDQ HDVLO\ EH KLGGHQ DZD\ &RUQHOL 	 .URZQH 
ॡH UHVHDUFK TXHVWLRQ WKDW , ZLOO EH FRQFHUQHG ZLWK KHUH LV


:KDW LV QHHGHG WR WUDQVIRUP WKLV SHHU SURGXFHG GLJLWDO OLEUDU\ DQG PDWKHPDWLFV
UHIHUHQFH UHVRXUFH LQWR D SHHU SURGXFHG SHHU OHDUQLQJ HQYLURQPHQW"
ॡH KLVWRULFDO DXGLHQFH RI WKH 3ODQHW0DWK ZHEVLWH ZDV DQ\RQH ZKR PLJKW FRQVXOW
DQ RQOLQH HQF\FORSHGLF GLFWLRQDU\ RI PDWKHPDWLFV RU ZKR ZRXOG XVH D IRUXP WR GLV
FXVV TXHVWLRQV DERXW PDWKHPDWLFV ॡLV SRSXODWLRQ LQFOXGHV DGYDQFHG XQGHUJUDGXDWHV
JUDGXDWH VWXGHQWV PDWKHPDWLFV SURIHVVRUV DQG SURIHVVLRQDOV ॡH KLVWRULFDO FRFUHDWRUV
RI 3ODQHW0DWK IRUPHG D YHU\ SDUWLFXODU VXEVHW RI WKLV SRSXODWLRQ ॡHVH ZHUH SHRSOH
ZKR ZHUH LQWHUHVWHG LQ GLVFXVVLQJ PDWKHPDWLFV RYHU WKH LQWHUQHW DVNLQJ TXHVWLRQV DQG
VKDULQJ H[LVWLQJ NQRZOHGJH DQG R॑HQ OHDUQLQJ LQ WKH SURFHVV &HUWDLQO\ WKLV ZDV SHHU
SURGXFHG SHHU OHDUQLQJ EXW OHDUQLQJ ZDV QRW WKH IRFXV ۙ FUHDWLQJ DQ HQF\FORSHGLD ZDV
&KDSWHU  WUDFHV WKH KLVWRU\ RI WKH 3ODQHW0DWK SURMHFW DQG VHWV WKH VWDJH IRU LWV SRWHQWLDO
HYROXWLRQ
0\ KRSH LV WKDW LQ WKH IXWXUH 3ODQHW0DWK۟V DXGLHQFH ۙ RU EH॔HU VWLOO LWV SXEOLF ۙ ZLOO
H[SDQG WR LQFOXGH DQ\RQH ZKR PLJKW FRQVXOW D PDWKHPDWLFV WH[WERRN RU 6FKXDPV RXW
OLQH RU ZKR PLJKW WDNH RU GHVLJQ DQ RQOLQH PDWKHPDWLFV FRXUVH WXWRULDO RU VHPLQDU
8VHUV ZLOO EH DEOH WR FROOHFWLYHO\ LQTXLUH LQWR WKH WHFKQLTXHV DQG DSSURDFKHV WKDW ZRUN
EHVW XVLQJ 3ODQHW0DWK DV D ODERUDWRU\ 0XFK DV *18/LQX[ R੘HUV D FRPSOHWH IUHH RS
HUDWLQJ V\VWHP IRU FRPSXWHUV 3ODQHW0DWK RU LWV HYHQWXDO VXFFHVVRU PD\ H[SDQG WR EH D
JRWR SODFH IRU PDWKHPDWLFLDQV PDWKHPDWLFV WHDFKHUV DQG VWXGHQWV DW DOO OHYHOV

&KDSWHU  6WXG\LQJ 0DWKHPDWLWLFV
)RU QRZ KRZHYHU WKHUH DUH D UDQJH RI WHFKQLFDO LVVXHV DW VWDNH ZKLFK OLPLW WKH VFRSH
RI WKH FXUUHQW ZRUN WR D IDU PRUH PRGHVW VFDOH DQG ZKLFK FRUUHVSRQGLQJO\ QDUURZV
WKH UDQJH RI XVHUV VHUYHG ॡH WHFKQLFDO IRFXV RI WKH FXUUHQW ZRUN LV RQ EXLOGLQJ LQ
IUDVWUXFWXUH WKDW VXSSRUWV VKDULQJ GLVFXVVLQJ DQG VROYLQJ WH[WERRNVW\OH SUREOHPV DW
WKH XQLYHUVLW\ RU EHJLQQLQJ JUDGXDWH OHYHO $ SURWRW\SLFDO XVHU ZRXOG EH DQ\RQH GR
LQJ LQGHSHQGHQW VWXG\ RI PDWKHPDWLFV DW WKLV OHYHO ۙ ZKHWKHU RU QRW WKH\ DUH IRUPDOO\
HQUROOHG DV D VWXGHQW ॡH SDUWLFXODU DXGLHQFH WKDW WKH UHVHDUFK IRFXVHV RQ DUH WKRVH
VRFLDOO\PLQGHG LQGHSHQGHQW OHDUQHUV ZKR ZRXOG EH LQWHUHVWHG LQ EHQHਖ਼WLQJ IURP RU
FRQWULEXWLQJ WR SHHU VXSSRUW XVLQJ WKLV WHFKQRORJ\
$ FRQFUHWH XVH FDVH FDQ EH GHVFULEHG EXLOGLQJ RQ DQ HVVD\ E\ FRPSXWHU VFLHQWLVW
&OD\WRQ /HZLV ZKR ZULWHV DERXW WKH QHZ SRWHQWLDO RI ۢ',< (GXFDWLRQ ۣ ,Q RUGHU WR
H[SORUH WKLV WKHPH /HZLV LPDJLQHV KLPVHOI FDXJKW LQ D WLPH ZDUS :KHUHDV &OD\WRQ
ۢOLYHG LQ WKH GRUPLWRULHV RI WKH FROOHJH KH DࡉHQGHGۣ GXH WR WKH ULVLQJ FRVWV RI HGXFDWLRQ
&OD\WRQ ۢKDV QR VXFK HDV\ FKRLFHۣ /HZLV  +H ORRNV DURXQG IRU IUHH RU ORZFRVW
RSWLRQV DQG GLVFRYHUV WKH 3HHU  3HHU 8QLYHUVLW\∗
)ROORZLQJ KLV FRPSXWHU LQWHUHVWV &OD\WRQ H[SORUHV WKH FRXUVH RठHULQJV DW 33 8 +HڥV
DࡉUDFWHG E\ WKH 3\WKRQ SURJUDPPLQJ FRXUVH DQG DOVR E\ D FRRSHUDWLYH SURJUDP LQ
:HE WHFKQRORJ\ RठHUHG MRLQWO\ E\ 33 8 DQG WKH 0R]LOOD )RXQGDWLRQ :RUOG RI :H
EFUDࡆ +H DOVR WKLQNV DERXW 'LठHUHQWLDO (TXDWLRQV IRU (QJLQHHUV EXW LV SXW Rठ E\ WKH
IDFW WKDW LW LVQڥW SXUH PDWK VRPHWKLQJ DERXW ZKLFK KH KDV D FKLOGLVK SUHMXGLFH +H GRHV
VLJQ XS IRU ',< 0DWK IDFLOLWDWHG E\ D GRFWRUDO VWXGHQW DW WKH 2SHQ 8QLYHUVLW\ EHFDXVH
LW LV RSHQ DV WR WRSLF +H KDV D YDJXH LGHD WKDW WKHUH VKRXOG EH VRPH LQWHUHVWLQJ PDWK
HPDWLFV DURXQG JDPHV QRW ZKDW LV FDOOHG ڨJDPH WKHRU\ک ZKLFK KH KDV UHDG HQRXJK
DERXW WR NQRZ LVQڥW ZKDW KHڥV LQWHUHVWHG LQ EXW VRPHWKLQJ WKDW DOORZV RQH WR DQDO\]H
JDPHV OLNH SHQQLQJ WKH SLJ +H GRHVQڥW NQRZ WKDW WKLV LV FDOOHG ڨFRPELQDWRULDO JDPH
WKHRU\ک +HڥV KRSLQJ WKDW WKH SHRSOH LQ ',< 0DWK FDQ KHOS KLP डQG VRPHWKLQJ OLNH
WKDW 33 8 KDV QR UHTXLUHPHQWV VWUXFWXUH VR KH GRHVQڥW VLJQ XS IRU DQ\WKLQJ RXWVLGH
KLV DUHDV RI LQWHUHVW /HZLV 
+RZHYHU DV &KDSWHU  ZLOO GHPRQVWUDWH ',< 0DWKZRXOG DFWXDOO\ EH D VLQJXODUO\ EDG
FKRLFH 2QH SUREOHP LV WKDW LQ IROORZLQJ KLV RZQ LQWHUHVWV &OD\WRQ ۢGRHVQڥW KDYH WKH
JXLGLQJ KDQG RI FXUULFXOXP >    @EHFDXVH 33 8 GRHVQڥW KDYH D FXUULFXOXPۣ 1HYHUWKHOHVV
/HZLV SRLQWV RXW WKDW
$Q\RQH FRXOG FUHDWH >    @ D URDGPDS IRU OHDUQLQJ LQ D SDUWLFXODU डHOG RU D URDGPDS
IRU EHFRPLQJ ڨDQ HGXFDWHG SHUVRQک LQ DQ\ PRUH JHQHUDO VHQVH WKH\ IDQF\ DQG VKDUH
WKLV YLD 33 8 /HZLV 
2QH RI WKH NH\ DLPV EHKLQG WKH FKDQJHV WR 3ODQHW0DWK LV WR VXSSRUW WKH FUHDWLRQ
VKDULQJ DQG FULWLTXH RI VXFK OHDUQLQJ URDGPDSV IRU WKHPDWKHPDWLFV GRPDLQ ,Q DGGLWLRQ
WR SHHU OHDUQLQJ WKHUH LV D FRPSOHPHQWDU\ XVH FDVH UHODWHG WR SHHU WHDFKLQJ
∗?iiT,ffTबTmXQ`;

i ࢌH UHOHYDQFH RI DQ DQWKURSRORJLFDOO\ LQIRUPHG DSSURDFK
)ROGHG LQVLGH RI WKLV SRLQW WKHUH LV DQ LPSRUWDQW TXHVWLRQ ,I ERWK SHHU WHDFKLQJ DQG
SHHU OHDUQLQJ DUH LPSRUWDQW KHUH ZKDW DERXW RWKHU UROHV" ,Q SDUWLFXODU ZKDW DERXW WKH
SHUVRQ RU SHUVRQV ZKR ZLOO EH LQYROYHG ZLWK FUHDWLQJ WKH ZHEVLWH ZKLFK R੘HUV VXLWDEOH
FRQGLWLRQV IRU RWKHUV WR WHDFK DQG OHDUQ" ॡLV SRLQWV WR D YHU\ LPSRUWDQW VHFRQGDU\
DXGLHQFH ERWK IRU WKLV WKHVLV DQG WKH DFFRPSDQ\LQJ QHZ VR॑ZDUH V\VWHP ZKLFK KDV
EHHQ EHHQ GHYHORSHG DQG UHOHDVHG DV IUHH VR॑ZDUH ॡHVH DLP WR UHDFK WKH SHRSOH ZKRVH
FRQWULEXWLRQV ZLOO FRQWLQXH WR GULYH WKH V\VWHP IRUZDUG
 ࢌH UHOHYDQFH RI DQ DQWKURSRORJLFDOO\ LQIRUPHG
DSSURDFK
ॡH VWXGLHV GHYHORSHG LQ WKLV WKHVLV DUH QRW HWKQRJUDSKLF EXW , YLHZ WKHP DV DQWKUR
SRORJLFDO LQ VSLULW $V 7LP ,QJROG H[SODLQV ۢDQWKURSRORJ\ LV QRW HWKQRJUDSK\ۣ ,QJROG
 +H R੘HUV WKLV SHUVSHFWLYH RQ ZKDW DQWKURSRORJ\ FDQ EH ۢࡌLWH VLPSO\ LW ZRXOG
EH DQ LQTXLU\ LQWR WKH FRQGLWLRQV DQG SRVVLELOLWLHV RI VRFLDO OLIH DW DOO WLPHV DQG HYHU\ZKHUHۣ
ۙ LQ FRQWUDVW WR WKH PRUH OLPLWHG ۢREMHFWLYH RI HWKQRJUDSK\ۣ ZKLFK LV ۢWR GHVFULEH WKH OLYHV
RI SHRSOH RWKHU WKDQ RXUVHOYHVۣ $ ORW KLQJHV RQ ,QJROG۟V XQGHUVWDQGLQJ RI ۢVRFLDO OLIHۣ +H
ZULWHV ۢ6RFLHWLHV DUH QRW HQWLWLHV DQDORJRXV WR RUJDQLVPV OHW DORQH WR PDFKLQHVۣ ,QGHHG
KH WDNHV DQ RSSRVLWH YLHZ ۢ2UJDQLF OLIH LV VRFLDOۣ ,QJROG۟V VRFLDOO\LQVSLUHG DQG SURFHVV
RULHQWHG RQWRORJ\ UHIHUV WR WKH ۢHVVHQWLDO LQWHUSHQHWUDELOLW\ RU FRPPLQJOLQJ RI PLQG DQG
ZRUOGۣ DQG WR ۢWKH XQIROGLQJ RI D FRQWLQXRXV DQG HYHUHYROYLQJ डHOG RI UHODWLRQV ZLWKLQ
ZKLFK EHLQJV RI DOO NLQGV DUH JHQHUDWHG DQG KHOG LQ SODFHۣ
,QJROG۟V SKLORVRSKLFDO YLHZV DUH FRQQHFWHG WR DQ DSSURDFK WR LQTXLU\ WKDW KDV VLJQLI
LFDQW EHDULQJ RQ WKH DSSURDFK WKDW ZLOO EH WDNHQ KHUH
:KDW WUXO\ GLVWLQJXLVKHV DQWKURSRORJ\ , EHOLHYH LV WKDW LW LV QRW D VWXG\ RI DW DOO EXW
D VWXG\ ZLWK $QWKURSRORJLVWV ZRUN DQG VWXG\ ZLWK SHRSOH ,PPHUVHG ZLWK WKHP LQ
DQ HQYLURQPHQW RI MRLQW DFWLYLW\ WKH\ OHDUQ WR VHH WKLQJV RU KHDU WKHP RU WRXFK WKHP
LQ WKH ZD\V WKHLU WHDFKHUV DQG FRPSDQLRQV GR ,QJROG  RULJLQDO HPSKDVLV
$ V\VWHP OLNH 3ODQHW0DWK LV DQ DSSUR[LPDWH GHVFULSWLRQ LQ DQ DFWLYH UDWKHU WKDQ VWDWLF
IRUP RI WKH ZD\ PDWKHPDWLFV LV GRQH $W LWV EHVW VXFK D V\VWHP VLPXOWDQHRXVO\ FUHDWHV
QHZ ZD\V WR GR PDWKHPDWLFV ,Q WKH ODVW DQDO\VLV WKH LQWHUSUHWDWLRQ RI PDWKHPDWLFDO
SUDFWLFH DW 3ODQHW0DWK LV DQ LQWHUSUHWDWLRQ PDGH WRJHWKHU ZLWK WKH XVHU FRPPXQLW\
1RWDEO\ LI WKH V\VWHP LV HQWLUHO\ LQFRQJUXRXV ZLWK ZKDW PDWKHPDWLFDO SUDFWLFH LV WKHQ
SHRSOH ZKR DUH LQWHUHVWHG LQ PDWKHPDWLFV ZLOO KDYH YHU\ OL॔OH XVH IRU LW
,Q H[SDQGLQJ WKH WKHPH RI ۢVWXG\LQJ ZLWKۣ ,QJROG HPSKDVL]HV WKDW KH LV XOWLPDWHO\
IDU OHVV LQWHUHVWHG LQ ۢGHVFULSWLRQۣ WKDQ LQ ۢD SUDFWLFH RI FRUUHVSRQGHQFHۣ ,Q D UHFHQW ERRN
EULQJLQJ DQWKURSRORJ\ WRJHWKHU ZLWK DUFKDHRORJ\ DUW DQG DUFKLWHFWXUH KH ZULWHV

&KDSWHU  6WXG\LQJ 0DWKHPDWLWLFV
7R SUDFWLVH WKLV PHWKRG LV QRW WR GHVFULEH WKH ZRUOG RU WR UHSUHVHQW LW EXW WR RSHQ XS
RXU SHUFHSWLRQ WR ZKDW LV JRLQJ RQ WKHUH VR WKDW ZH LQ WXUQ FDQ UHVSRQG WR LW
,QJROG  S 
)RU ,QJROG D॑HU /DYH  OHDUQLQJ LV ۢXQGHUVWDQGLQJ LQ SUDFWLFHۣ DQG D॑HU *LEVRQ
 LW LV EDVHG XSRQ ۢDQ HGXFDWLRQ RI DࡉHQWLRQۣ ZKLFK LV GUDZLQJ RQ KLV RZQ ਖ਼HOG
ZRUN H[SHULHQFHV ۢD SURFHVV RI DFWLYH IROORZLQJۣ ,QJROG  SS     ॡHVH
SRLQWV DUH DUH QRW GLVFLSOLQHVSHFLਖ਼F WKH\ DSSO\ HTXDOO\ WR KXQWLQJ DQG SR॔HU\PDNLQJ
FRPSXWHU SURJUDPPLQJ DQG PDWKHPDWLFV
ॡH NH\ IHDWXUH RI ,QJROG۟V DQWKURSRORJ\ WKDW EULQJV LW FORVHU WR DUW WKDQ WR HWKQRJUD
SK\ LV WKDW LW DLPV WR EH ۢWUDQVIRUPDWLRQDOۣ UDWKHU WKDQ ۢGRFXPHQWDU\ۣ ۙ KHUH QRWLQJ WKDW
ۢQR JHQXLQH WUDQVIRUPDWLRQ LQ ZD\V RI WKLQNLQJ DQG IHHOLQJ LV SRVVLEOH WKDW LV QRW JURXQGHG
LQ FORVH DQG DࡉHQWLYH REVHUYDWLRQۣ ,QJROG  SS 
ॡH IXQGDPHQWDO SODFH WKDW ,QJROG UHVHUYHV IRU WKH VRFLDO LQ KLV WKLQNLQJ EHDUV D VLP
LODULW\ WR *HRUJH +HUEHUW 0HDG۟V FRQFHSWLRQ ZKLFK DJDLQ HPSKDVL]HV WUDQVIRUPDWLRQ
)RU 0HDG  VRFLDOLW\ LV WKH ۢVWDJH EHWZL[W DQG EHWZHHQ WKH ROG V\VWHP DQG WKH QHZ
RQHۣ ZKLFK RFFXUV ZKHQHYHU D QHZ IRUP RI RUJDQL]DWLRQ LV EHLQJ HVWDEOLVKHG EXW ZKHQ
QHLWKHU WKH QHZ IRUP QRU WKH EURDGHU HQYLURQPHQW KDV VWDELOL]HG FI $ERXODਖ਼D 
$ YLHZ LQ ZKLFK WKH HQYLURQPHQW LV QRW WDNHQ DV ਖ਼[HG EXW DV FRHPHUJHQW ZLWK WKH SHR
SOH ZKR GZHOO LQ LW LV UHਗ਼HFWHG LQ WKH 3ODQHW0DWK FRQWH[W LQ WKH VHQVH WKDW ERWK FRQWHQW
DQG VR॑ZDUH DUH H[SHFWHG WR JURZ DQG GHYHORS DORQJ ZLWK XVH
2QH IXUWKHU TXRWH FDQ EH EURXJKW IRUZDUG WR LOOXVWUDWH WKH HVVHQWLDO LGHD RI ۢVWXG\LQJ
ZLWK SHRSOHۣ WKDW XQGHUOLHV ,QJROG۟V SDUWLFLSDWRU\ DQWKURSRORJ\ ॡLV TXRWH GHVFULEHV
SHHU OHDUQLQJ LQ QHJDWLYH IRUP ۙ LQ RWKHU ZRUGV LW VD\V KRZ WKLQJV DUH XVXDOO\ GRQH LQ
PDLQVWUHDP HGXFDWLRQ
6WXGHQWV DUH WROG WKDW DQWKURSRORJ\ LV ZKDW ZH GR ZLWK RXU FROOHDJXHV DQG ZLWK RWKHU
SHRSOH LQ RWKHU SODFHV EXW QRW ZLWK WKHP /RFNHG RXW RI WKH SRZHUKRXVH RI DQWKURSR
ORJLFDO NQRZOHGJH FRQVWUXFWLRQ DOO WKH\ FDQ GR LV SHHU WKURXJK WKH ZLQGRZV WKDW RXU
WH[WV DQG WHDFKLQJV RठHU WKHP ,QJROG 
,Q WKH SDUDOOHO VH॔LQJ RI PDWKHPDWLFV WKHUH DUH VRPH H[HPSODU\ H[FHSWLRQV WR WKLV
QRUP (GXFDWRU $ODQ 6FKRHQIHOG ZKR GHVFULEHV PHWDFRJQLWLRQ DV WKH NH\ WR ZRUNLQJ
H੘HFWLYHO\ LQ PDWKHPDWLFV 6FKRHQIHOG  EXLOGV KLV SHGDJRJLFDO SUDFWLFH DURXQG
DVNLQJ KLV VWXGHQWV UHਗ਼HFWLYH TXHVWLRQV OLNH WKHVH
:KDW H[DFWO\ DUH \RX GRLQJ" &DQ \RX GHVFULEH LW SUHFLVHO\" :K\ DUH \RX GRLQJ LW"
+RZ GRHV LW डW LQWR WKH VROXWLRQ" +RZ GRHV LW KHOS \RX" :KDW ZLOO \RX GR ZLWK WKH
RXWFRPH ZKHQ \RX REWDLQ LW" 6FKRHQIHOG  S 

i :KDW H[DFWO\ LV WR EH GRQH
+H DUJXHV WKDW
>7@KH LQWHUDFWLRQV DPRQJ PDWKHPDWLFLDQV DQG WKH VHQVH RI FRPPXQLW\ WKH\ VXSSRUW
DUH SDUW RI ZKDW VXVWDLQV PDWKHPDWLFV ڟ WKDW WKH SUDFWLFH RI PDWKHPDWLFV LV D KXPDQ
HQGHDYRU DQG YHU\ PXFK D FXOWXUDO RQH >    @ >(@QWU\ LQWR WKDW FXOWXUH RU VRPH FXO
WXUH WKDW VXSSRUWV WKH VDPH YDOXHV PD\ EH QHFHVVDU\ WR XQGHUVWDQG DQG DSSUHFLDWH
PDWKHPDWLFV 6FKRHQIHOG  S 
6FKRHQIHOG DVVHUWV WKDW IRU SUDFWLFLQJ PDWKHPDWLFLDQV WKH FODVVURRP ۢLV DQ HVVHQWLDOO\
DOLHQ FXOWXUHۣ DQG WKDW ۢ>Z@KDW ZH QHHG LV D SURJUDP RI ڤFXOWXUDO GHVLJQڥ IRU VFKRROLQJۣ
 :KDW H[DFWO\ LV WR EH GRQH
+DYLQJ GHVFULEHG D EDVLF RXWORRN LQ ZKLFK PDWKHPDWLFV LV VHHQ DV D FXOWXUDO DQG
LQGHHG DV DQ DOUHDG\DQWKURSRORJLFDO D੘DLU LW UHPDLQV WR VD\ ZKDW FRQFHSW RI FXOWXUH LV
PRVW UHOHYDQW WR WKH VWXG\ RIPDWKHPDWLFV DQGZKDWZLOO EH GRQH KHUH XVLQJ WKLV FRQFHSW
ॡH ۢVRFLDOO\ DFTXLUHG V\PEROLFDOO\ PHGLDWHG V\VWHPVۣ GHਖ਼QLWLRQ IURP *HUODFK TXRWHG
DERYH SURYLGHV D XVHIXO ELJ SLFWXUH EXW LQ LWV EUHDGWK LW GRHV QRW H[DFWO\ JLYH D QRWLRQ
RI FXOWXUH WKDW ZH FDQ HDVLO\ JUDVS ,W LV KRZHYHU FRPSDWLEOH ZLWK D SRLQWHG F\EHUQHWLF
QRWLRQ RI FXOWXUH GHYHORSHG E\ &OL੘RUG *HHUW] )LUVW D EUDFNHWLQJ DGPRQLWLRQ
&XOWXUH LV QRW D SRZHU VRPHWKLQJ WR ZKLFK VRFLDO HYHQWV EHKDYLRUV LQVWLWXWLRQV RU
SURFHVVHV FDQ EH FDXVDOO\ DࡉULEXWHG LW LV D FRQWH[W VRPHWKLQJ ZLWKLQ ZKLFK WKH\ FDQ
EH LQWHOOLJLEO\ ڟ WKDW LV WKLFNO\ ڟ GHVFULEHG *HHUW]  S 
:LWKRXW \HW ZRUU\LQJ DERXW WKH LVVXHV D॔DFKHG WR WKHVH LGHDV RI FRQWH[W DQG WKLFN
GHVFULSWLRQ WKH IROORZLQJ TXRWH SURYLGHV D ZRUNLQJ GHਖ਼QLWLRQ RI ZKDW FXOWXUH LWVHOI FDQ
EH WDNHQ WR PHDQ
, ZDQW WR SURSRVH WZR LGHDV ࡍH डUVW RI WKHVH LV WKDW FXOWXUH LV EHVW VHHQ QRW DV FRP
SOH[HV RI FRQFUHWH EHKDYLRU SDࡉHUQV ڟ FXVWRPV XVDJHV WUDGLWLRQV KDELW FOXVWHUV ڟ DV
KDV E\ DQG ODUJH EHHQ WKH FDVH XS WR QRZ EXW DV D VHW RI FRQWURO PHFKDQLVPV ڟ SODQV
UHFLSHV UXOHV LQVWUXFWLRQV ZKDW FRPSXWHU HQJLQHHUV FDOO ڨSURJUDPVک ڟ IRU WKH JRYHUQ
LQJ RI EHKDYLRU ࡍH VHFRQG LGHD LV WKDW PDQ LV SUHFLVHO\ WKH DQLPDO PRVW GHVSHUDWHO\
GHSHQGHQW XSRQ VXFK H[WUDJHQLF RXWVLGHWKHVNLQ FRQWURO PHFKDQLVPV VXFK FXOWXUDO
SURJUDPV IRU RUGHULQJ KLV EHKDYLRU *HHUW]  S 
6R IRU *HHUW] FXOWXUH LV DOUHDG\SURJUDPPLQJ∗ 2I FRXUVH LW KDV E\ DQG ODUJH XS
WR QRZ EHHQ SURJUDPPLQJ IRU KXPDQV QRW IRU FRPSXWHUV ,W LV DOVR LPSRUWDQW WR SRLQW
RXW WKDW *HHUW] LV H[SOLFLWO\ UHIHUULQJ WR F\EHUQHWLF SURJUDPPLQJ ,Q RWKHU ZRUGV KLV
∗*HHUW]۟V QRWLRQ RI FXOWXUH GHULYHV IURP WKDW RI 7DOFR॔ 3DUVRQV ۙ ۢSDࡉHUQHG RU RUGHUHG V\VWHPV RI V\P
EROV ZKLFK DUH REMHFWV RI WKH RULHQWDWLRQ RI DFWLRQ LQWHUQDOL]HG FRPSRQHQWV RI WKH SHUVRQDOLWLHV RI LQGLYLGXDO
DFWRUV DQG LQVWLWXWLRQDOL]HG SDࡉHUQV RI VRFLDO V\VWHPVۣ 3DUVRQV  ۙ ۢVXLWDEO\ HPHQGHGۣ FI *HHUW]
 SS  3HDFRFN 

&KDSWHU  6WXG\LQJ 0DWKHPDWLWLFV
FRQFHSW RI FXOWXUDO FRQWURO V\VWHPV ۢSUHVXSSRVHV WKDW FRQWURO LV SDUWLDO DQG QRW FRPSOHWHۣ
%XUURXJKV 
,Q OLJKW RI ,QJROG۟V HPSKDVLV RQ WUDLQHG D॔HQWLRQ DQG LQWKHZRUOG H[SHULHQFH LW LV
QRW VXUSULVLQJ WKDW KH LV VXVSLFLRXV RI WKH LGHD RI FXOWXUH DV DQ H[WHUQDO FRQWURO V\VWHP
,Q D VXUYH\ WKDW WUHDWV *HHUW] DQG RWKHU SURPLQHQW DQWKURSRORJLFDO ਖ਼JXUHV KH ZULWHV
>2@QH OHDUQV WR SHUFHLYH LQ WKH PDQQHU DSSURSULDWH WR D FXOWXUH QRW E\ DFTXLULQJ SUR
JUDPPHV RU FRQFHSWXDO VFKHPDWD IRU RUJDQLVLQJ VHQVRU\ GDWD LQWR KLJKHURUGHU UHS
UHVHQWDWLRQV EXW E\ ڤKDQGVRQڥ WDVNV ZKRVH VXFFHVVIXO IXOडOPHQW UHTXLUHV D SUDFWLVHG
DELOLW\ WR QRWLFH DQG WR UHVSRQG ढXHQWO\ WR VDOLHQW DVSHFWV RI WKH HQYLURQPHQW
,QJROG  S 
$QG \HW F\EHUQHWLF FRQWURO V\VWHPV DUH QRW DFTXLUHG LQ WKH ZD\ ZH PLJKW OHDUQ D
VHFRQG RU ਖ਼UVW ODQJXDJH FXOWXUH LV SULPDULO\ FRQWH[W QRW FRQWHQW FI ,QJROG  SS
ۙ 5DWKHU RQH PLJKW VD\ WKDW WKHVH V\VWHPV DUH SUHVHQW DV PRUH RU OHVV VDOLHQW
IHDWXUHV RI DQ HQYLURQPHQW RQ WKH XQGHUVWDQGLQJ WKDW WKHVH IHDWXUHV DUH HPHUJHQW DORQJ
ZLWK WKRVH ZKR GZHOO LQ WKH HQYLURQPHQW :KHUHDV *HHUW] FDOOV ۢDQ\ REMHFW DFW HYHQW
TXDOLW\ RU UHODWLRQ ZKLFK VHUYHV DV D YHKLFOH IRU FRQFHSWLRQۣ D ۢV\PEROۣ *HHUW]  S
 ,QJROG VHHPV WR EH PRUH FDXWLRXV ۢHYHU\ IHDWXUH >RI WKH ODQGVFDSH@ LV D SRWHQWLDO
FOXH D NH\ WR PHDQLQJ UDWKHU WKDQ D YHKLFOH IRU FDUU\LQJ LWۣ ,QJROG  S 
,QGHSHQGHQW RI WKH SUHFLVH ZHLJKW ZH DVVLJQ WR V\PERO V\VWHPV DV RSSRVHG WR PHDQ
LQJ PDNLQJ LW ZRXOG EH KDUG WR GHQ\ WKDW RQH WKH JUHDWHVW FXOWXUDO VKL॑V LQ KLVWRU\ LV
FRQQHFWHG ZLWK WKH IDFW WKDW LQ UHFHQW GHFDGHV FHUWDLQ FODVVHV RI V\PEROLFDOO\PHGLDWHG
SURJUDPV FDQ EH SURFHVVHG ZLWK FRPSXWHUV *UDQWHG SHRSOH FRQWLQXH WR SHUIRUP ۢDF
WLRQV WKDW DUH IDU EH\RQG WKH FDSDELOLWLHV RI DQ\ PDFKLQH \HW GHYLVHGۣ ,QJROG  S 
:KDW۟V RI LQWHUHVW KHUH LV ZKDW KDSSHQV ZKHQ KXPDQV DQG FRPSXWHUV ZRUN WRJHWKHU
:H KDYH EHHQ SURJUDPPLQJ XQLYHUVDO FRPSXWHUV IRU DERXW  \HDUV 3URJUDPPLQJ
SURYLGHV XV ZLWK QHZ WRROV WR H[SUHVV RXUVHOYHV :H QRZ KDYH LQWHOOHFWXDO WRROV WR H[
SUHVV ڨKRZ WRک DV ZHOO DV ڨZKDW LVک ࡍLV LV D SURIRXQG WUDQVIRUPDWLRQ LW LV D UHYROXWLRQ
LQ WKH ZD\ ZH WKLQN DQG LQ WKH ZD\ ZH H[SUHVV ZKDW ZH WKLQN )RU H[DPSOH RQH RࡆHQ
KHDUV D VWXGHQW RU WHDFKHU FRPSODLQ WKDW WKH VWXGHQW NQRZV WKH ڨWKHRU\ک RI VRPH VXE
MHFW EXW FDQQRW HठHFWLYHO\ VROYH SUREOHPV :H VKRXOG QRW EH VXUSULVHG WKH VWXGHQW KDV
QR IRUPDO ZD\ WR OHDUQ WHFKQLTXH :H H[SHFW WKH VWXGHQW WR OHDUQ WR VROYH SUREOHPV E\
DQ LQHणFLHQW SURFHVV WKH VWXGHQW ZDWFKHV WKH WHDFKHU VROYH D IHZ SUREOHPV KRSLQJ
WR DEVWUDFW WKH JHQHUDO SURFHGXUHV IURP WKH WHDFKHUڥV EHKDYLRU RQ SDUWLFXODU H[DPSOHV
ࡍH VWXGHQW LV QHYHU JLYHQ DQ\ LQVWUXFWLRQV RQ KRZ WR DEVWUDFW IURP H[DPSOHV QRU LV
WKH VWXGHQW JLYHQ DQ\ ODQJXDJH IRU H[SUHVVLQJ ZKDW KDV EHHQ OHDUQHG ,W LV KDUG WR
OHDUQ ZKDW RQH FDQQRW H[SUHVV %XW QRZ ZH FDQ H[SUHVV LW 6XVVPDQ 
1RW RQO\ FDQ ZH H[SUHVV ۢKRZ WRۣ ZLWK FRPSXWHUV ۙ ZH FDQ FKDQJH LW 2U DW OHDVW
ZH۟UH LQ D EH॔HU SRVLWLRQ WR WU\

i :KDW H[DFWO\ LV WR EH GRQH
$V D WKRXJKW H[SHULPHQW LPDJLQH WKH GLVWLOODWLRQ RI WKH ZRUOG۟V PDWKHPDWLFDO NQRZO
HGJH LQWR D FRPSXWHU SURJUDP WKDW FRXOG FRDFK VWXGHQWV WKURXJK GLਜ਼FXOW OHDUQLQJ WDVNV
LQ PDWKHPDWLFV LQ DQ Hਜ਼FLHQW PDQQHU :LWK D IHZ DGDSWDWLRQV WKLV SURJUDP PLJKW DOVR
VHUYH DV D FUHDWLYH SDUWQHU WR SURIHVVLRQDO PDWKHPDWLFLDQV :LWK IXUWKHU DGDSWDWLRQV LW
PD\ EH DEOH WR FRPH XS ZLWK DQG SURYH LQWHUHVWLQJ WKHRUHPV RQ LWV RZQ ॡH GHYHORS
PHQW RI VXFK D V\VWHP ZRXOG FHUWDLQO\ FRQVWLWXWH D FKDQJH LQ PDWKHPDWLFDO FXOWXUH ,W
ZRXOG DOVR KDYH VLJQLਖ਼FDQW LPSDFW RQ LQ WKH ZD\ PDWKHPDWLFDO WKLQNLQJ LV DSSOLHG LQ
ਖ਼HOGV UDQJLQJ IURP ORJLF WR ORJLVWLFV
,Q RUGHU WR PRYH LQ WKLV GLUHFWLRQ RQH DSSURDFK LV WR VHW DVLGH WKH $, DVSHFWV DW ਖ਼UVW
DQG IRFXV LQVWHDG RQ EXLOGLQJ D XVHIXO FROOHFWLRQ RI FRQWHQW ॡH FRPSXWHU ZRXOG EH XVHG
SULPDULO\ DV D FRPPXQLFDWLRQ WRRO DQG GDWDEDVH $V WLPH JRHV E\ DGGLWLRQDO VRSKLVWL
FDWLRQ FDQ EH DGGHG H[SUHVVLQJ WKH XVHU FRPPXQLW\۟V FROOHFWLYH ZLVGRP DERXW ZKDW
ZRUNV DQG ZKDW GRHVQ۟W $ FRPPRQVEDVHG SHHU SURGXFWLRQ V\VWHP LV D VXLWDEOH FRQWH[W
IRU H[SORULQJ FXOWXUDO DGDSWDWLRQ RI WKLV VRUW ॡH LGHD LV WKDW D VR॑ZDUH V\VWHP FUH
DWHG WRJHWKHU ZLWK LWV XVHUV FDQ EH XVHG WR EXLOG QRW MXVW D GHVFULSWLRQ RI PDWKHPDWLFDO
FXOWXUH EXW DQ DFWXDO ZRUNLQJ PRGHO WKDW FDQ VHUYH DV DQ HQJLQH IRU FKDQJH
ࢌHRU\ $ PRQWK SLORW VWXG\ DV D SDUWLFLSDQW REVHUYHU DW WKH 3HHU3HHU 8QLYHUVLW\
KHOSHG GHYHORS D JHQHUDO SLFWXUH RI WKH ZD\ OHDUQLQJ DQG DGDSWDWLRQ ZRUNV DQG VRPH
WLPHV IDLOV WR ZRUN LQ SHHU SURGXFWLRQ FRPPXQLWLHV )RU H[DPSOH SHRSOH R॑HQ OHDUQ
FRPSXWHU SURJUDPPLQJ FRQFHSWV DQG WHFKQLTXHV ZKLOH EXLOGLQJ IUHHRSHQ VRXUFH VR॑
ZDUH DQG SDUWLFLSDWLQJ LQ GLVFXVVLRQV RQ D GHYHORSHU PDLOLQJ OLVW 3DUDJRJ\ DLPV WR EH D
FRPSUHKHQVLYH WKHRU\ RI SHHU SURGXFHG SHHU OHDUQLQJ DQG D TXDOLWDWLYH FRPSOHPHQW WR
%HQNOHU۟V WKHRU\ RI SHHU SURGXFWLRQ
7RRO ,Q FROODERUDWLRQ ZLWK FROOHDJXHV DW LQ WKH .QRZOHGJH $GDSWDWLRQ DQG 5HDVRQ
LQJ IRU &RQWHQW .:$5& JURXS DW -DFREV 8QLYHUVLW\ 3ODQHW0DWK۟V FXVWRP FRGH IURP
 ZDV UHSODFHG ZLWK D QHZ SODWIRUP EXLOW XVLQJ FRQWHPSRUDU\ WHFKQRORJLHV ॡH DLP
ZDV QRW MXVW WR PRGHUQL]H 3ODQHW0DWK EXW WR EXLOG D UHXVDEOH DQG H[WHQVLEOH SODWIRUP
ZKLFK ZH FDOOHG ۢ3ODQHWDU\ۣ .RKOKDVH HW DO  ॡH SDUWLFXODU LQVWDQWLDWLRQ RI WKLV
V\VWHP RQ 3ODQHW0DWK LV GHVLJQHG WR VXSSRUW SHHU OHDUQLQJ DFFRUGLQJ WR WKH SDUDJRJLFDO
XQGHUVWDQGLQJ
7HVW /DXQFKLQJ WKH 3ODQHWDU\ V\VWHP RQ 3ODQHW0DWK FRQVWLWXWHV D PDMRU FKDQJH IRU
XVHUV ॡH UHDOZRUOG GHSOR\PHQW RI WKH V\VWHP JDYH WKH RSSRUWXQLW\ WR VWXG\ WKH UH
VSRQVH WR WKLV FKDQJH VXSSRUWHG E\ IRFXV JURXSV DQG LQWHUYLHZV 3ODQHW0DWK XVHUV
SURYLGHG FRQFUHWH VXJJHVWLRQV RQ KRZ WR H[WHQG WKH VR॑ZDUH PRGHO ZKLFK KHOSV EXLOG
D SLFWXUH RI WKH ZD\ WKH\ WKLQN DERXW PDWKHPDWLFV DQG ZKLFK DOVR FRQWULEXWHV WR YDOL
GDWLQJ WKH SDUDJRJLFDO DSSURDFK WR GHVLJQ OHDUQLQJ DQG FRSURGXFWLRQ

&KDSWHU  6WXG\LQJ 0DWKHPDWLWLFV
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)LJXUH  ࡍLV LV WKH VRUW RI H[WHQVLRQ ZHڥG OLNH WR GHYHORS
 7UDMHFWRULHV DVVRFLDWHG ZLWK WKLV ZRUN
$GYDQFHV LQ PHWKRG DQG WKHRU\ 8VLQJ D FRPPRQVEDVHG SHHU SURGXFWLRQ V\VWHP
DV D ZD\ WR VWXG\ DQG H[SUHVV FXOWXUH LW LV DQ H[DPSOH RI WKH NLQG RI VHOIFRQVFLRXV H[SHU
LPHQW ZLWK UHSUHVHQWDWLRQ IRXQG WR EH ODFNLQJ E\ *HHUW]  IQ S  ॡLV DSSURDFK
PD\ EH RI LQWHUHVW WR FRQWHPSRUDU\ FXOWXUDO DQWKURSRORJLVWV ZKR DUH LQFUHDVLQJO\ LQ
YROYHG LQ SDUWLFLSDWRU\ UHVHDUFK DQG ਖ਼HOGZRUN LQ QHWZRUNHG VH॔LQJV ॡH UHODWLRQVKLS
EHWZHHQ SHHU SURGXFWLRQ DQG SHHU OHDUQLQJ LV H[SORUHG WKURXJK DSSOLHG H[SHULPHQWD
WLRQ QRW WKURXJK VWUDWHJLHV RI GHVFULSWLRQ DQG DUJXPHQWDWLRQ WKDW ZRXOG EH W\SLFDO RI
ZRUN LQ 6FLHQFH DQG 7HFKQRORJ\ 6WXGLHV D ਖ਼HOG WKLV ZRUN GRHV QRW DLP WR FRQWULEXWH WR
FI 'H/DQGD 3URWHYL 	ॡDQHP  $OWKRXJK WKH PHWKRGV DUH LQVSLUHG LQ SDUW E\ DQ
WKURSRORJ\ DQG SKLORVRSK\ WKH RXWFRPH LV D QHZ FRPSXWDWLRQDO DFFRXQW RI PDWKHPDW
LFDO FROODERUDWLRQ WKDW VKRXOG SURYH XVHIXO LQ WKH GHVLJQ DQG HYDOXDWLRQ RI DJHQWEDVHG
VLPXODWLRQV DV ZHOO DV RQOLQH OHDUQLQJ HQYLURQPHQWV ॡH XQGHUVWDQGLQJ RI PDWKHPDWL
FDO VRFLDO EHKDYLRU WKDW LV GHYHORSHG PD\ EH RI LQWHUHVW WR SKLORVRSKHUV RI PDWKHPDWLFV
ॡHVH FRQWULEXWLRQV WR PHWKRG DQG WKHRU\ DUH VXSSRUWHG E\ SUDFWLFDO DGYDQFHV LQ OHDUQ
LQJ GHVLJQ DQG DVVHVVPHQW DQG SURYLGH D IUDPHZRUNZLWKLQZKLFK WR DVVHVV FODLPV DERXW
RQOLQH PHGLDWHG SHHU OHDUQLQJ DV GHWDLOHG EHORZ ॡHVH DVSHFWV PD\ EH RI LPPHGLDWH
LQWHUHVW WR HGXFDWRUV DV ZHOO DV WR HGXFDWLRQ WKHRULVWV
1HZ GHVLJQV IRU SHHU OHDUQLQJ *U£LQQH &RQROH۟V  SHUVSHFWLYH RQ ۢOHDUQLQJ
GHVLJQۣ LV WKDW LW LV EHVW XQGHUVWRRG DV D ZD\ WR FUHDWH DQG UHSUHVHQW SUDFWLFH ॡH GHVLJQ

i 7UDMHFWRULHV DVVRFLDWHG ZLWK WKLV ZRUN
ZH DUH XVLQJ )LJXUH  ZLOO LQFOXGH DOO RI WKH DXWKRULQJ DQG HGLWRULDO SUDFWLFHV DVVRFLDWHG
ZLWK EXLOGLQJ DQGPDLQWDLQLQJ 3ODQHW0DWK۟V HQF\FORSHGLD ۙ DQG D QHZ OD\HU IRU SUREOHP
VROYLQJ ॡH ਖ਼UVW OD\HU IHDWXUHV OHJDF\ DFWLYLWLHV OLNH ZULWLQJ DQG HGLWLQJ DUWLFOHV IRUXP
GLVFXVVLRQV FRUUHFWLRQV DQG UHTXHVWV IRU DUWLFOHV RQ QHZ WRSLFV ॡH VHFRQG OD\HU LV QHZ
DQG LQFOXGHV VXSSRUW IRU VH॔LQJ DQG VROYLQJ SUREOHPV FRQQHFWLQJ SUREOHPV DQG HQF\
FORSHGLD DUWLFOHV GLVFXVVLQJ DQG UHYLHZLQJ SUREOHPV DQG FUHDWLQJ FRXUVH SDFNHWV WKDW
FRPELQH SUREOHPV ZLWK H[SRVLWRU\ WH[WV )URP WKH XVHU۟V SHUVSHFWLYH WKH HQYLURQPHQW
VKRXOG R੘HU VRPH VLJQLਖ਼FDQW DGYDQWDJHV RYHU D VWDQGDUG WH[WERRN RU SUREOHP DUFKLYH
)RU H[DPSOH QRWKLQJ LV PRUH GDXQWLQJ WKDQ EHLQJ IDFHG ZLWK D SUREOHP WR VROYH DQG
QRW NQRZLQJ ZKDW WKH WHUPV LQ WKDW SUREOHP PHDQ 2Q 3ODQHW0DWK ZH ZLOO EH DEOH WR
SURYLGH DXWRPDWLFDOO\JHQHUDWHG OLQNV WR WKH GHਖ਼QLWLRQV RI WHFKQLFDO WHUPV LQ SUREOHP
VWDWHPHQWV ,Q WKH HYHQW WKDW WKH OLQNHG PDWHULDO LV QRW HQRXJK DQG WKH XVHU ZLOO EH
DEOH WR PDNH DQQRWDWLRQV DVNLQJ KHOS $QVZHUV WR WKHVH TXHVWLRQV ZLOO KHOS LPSURYH WKH
TXDOLW\ DQG UHOHYDQFH RI WKH HQF\FORSHGLD 5DWKHU WKDQ KDYLQJ WH[WERRN SUREOHPV VHUYH
DV D GDXQWLQJ REVWDFOH WR DSSOLFDWLRQ RU UHVHDUFK WKH\ VKRXOG LQ WKLV FRQWH[W VHUYH DV
VWHSSLQJ VWRQHV WR UHOHYDQW DQG PHDQLQJIXO HQJDJHPHQW LQ PDWKHPDWLFDO SUDFWLFH
$ QHZ WHFKQLTXH IRU PHDVXULQJ OHDUQLQJ Hग़FDF\ +RZ FDQ ZH YDOLGDWH FODLPV
DERXW OHDUQLQJ TXDOLW\" -RKQ $QGHUVRQ /\QQH 5HGHU DQG +HUEHUW 6LPRQ DGYDQFHG D
FRQVXPHU SURWHFWLRQ SHUVSHFWLYH RQ WKLV TXHVWLRQ
:H VKRXOG PDNH D ODUJHU SODFH IRU UHVSRQVLEOH H[SHULPHQWDWLRQ WKDW GUDZV RQ WKH DYDLO
DEOH NQRZOHGJHڟLW GHVHUYHV DW OHDVW DV ODUJH D SODFH DV ZH QRZ SURYLGH IRU IDGGLVK XQ
V\VWHPDWLF DQG XQDVVHVVHG LQIRUPDO ڨH[SHULPHQWVک RU HGXFDWLRQDO ڨUHIRUPVک :H ZRXOG
DGYRFDWH WKH FUHDWLRQ RI D ڨ)($ک RQ DQDORJ\ WR WKH )'$ ZKLFK ZRXOG UHTXLUH ZHOO GH
VLJQHG FOLQLFDO WULDOV IRU HYHU\ HGXFDWLRQDO ڨGUXJک WKDW LV LQWURGXFHG LQWR WKH PDUNHW
SODFH $QGHUVRQ 5HGHU 	 6LPRQ 
7HFKQLTXHV IRU HYDOXDWLQJ WKH Hਜ਼FDF\ RI OHDUQLQJ VWUDWHJLHV DQG LQWHUYHQWLRQV FDQ DOVR
EH LPPHGLDWHO\ UHOHYDQW WR XVHUV DQG V\VWHP GHVLJQHUV LQ UHDO WLPH )HHGEDFN RQ OHDUQ
LQJ UHOHYDQFH FRXOG KHOS XVHUV LPSURYH WKHLU SUREOHP VROYLQJ VNLOOV &KDSWHU  GUDZV RQ
D UHFHQWO\ GHYHORSHG DSSURDFK IURP FRPSXWDWLRQDO VWDWLVWLFV WR DGGUHVV WKHVH LVVXHV
1HZ IURQWLHUV IRU SHHU SURGXFHG SHHU OHDUQLQJ 3DUWO\ LQVSLUHG E\ WKH LGHD RI SDU
DJRJ\ +RZDUG 5KHLQJROG FRQYHQHG WKH 3HHUDJRJ\ SURMHFW∗ۦ ZKLFK , VXEVHTXHQWO\
MRLQHG DV D FRQWULEXWLQJ DXWKRU DQG ODWHU HGLWRU 5KHLQJROG SRVLWLRQV WKH 3HHUDJRJ\
+DQGERRN DV ۢD UHVRXUFH IRU DQ\ JURXS RI SHRSOH ZKR ZDQW WR OHDUQ DQ\ VXEMHFWۣ ۧ ॡLV
WKHVLV ZLOO KHOS WR UHIHU WKHVH FODLPV WR VRXQG WKHRUHWLFDO DQG HPSLULFDO IRXQGDWLRQV
∗?iiT,ff/KH+2Mi`HXM2if#HQ;f?Qr`/@`?2BM;QH/fiQr`/@T22`;Q;v
ۦ?iiT,ffT22`;Q;vXQ`;
ۧ?iiT,ffrrrXvQmim#2X+QKfri+?\p4a.maTPlivC1

&KDSWHU  6WXG\LQJ 0DWKHPDWLWLFV
 7HUPLQRORJ\
,Q FDVHV ZKHUH LW LV QHFHVVDU\ WR GLVWLQJXLVK EHWZHHQ WKH ۢRULJLQDOۣ 3ODQHW0DWK EXLOW
E\ $DURQ .URZQH DQG WKH ۢQHZۣ 3ODQHW0DWK GHYHORSHG LQ WKH FRXUVH RI WKLV WKHVLV ZRUN
, ZLOO UHIHU WR WKHP DV 3ODQHW0DWK1R¸VSKHUH DQG 3ODQHW0DWK3ODQHWDU\ UHVSHFWLYHO\
3DUDJRJ\ LV WKH QDPH IRU WKH WKHRU\ RI SHHU SURGXFHG SHHU OHDUQLQJ WKDW LV GHYHO
RSHG LQ WKLV WKHVLV GUDZLQJ RQ HDUOLHU FROODERUDWLYH ZULWLQJV ZLWK &KDUOHV -H੘UH\ 'DQR੘
DQG SHUKDSV FRQIXVLQJO\ RQ FRQWHPSRUDU\ FROODERUDWLYH ZRUN LQ WKH 3HHUDJRJ\ SURMHFW
3HHUDJRJ\ LV +RZDUG 5KHLQJROG۟V QHRORJLVP DGDSWLQJP\ HDUOLHU XVDJH FKRVHQ EHFDXVH
WKLV WHUP LV UHODWLYHO\ VHOIH[SODQDWRU\ :KDW ۢSDUDJRJ\ۣ PLJKW ODFN LQ GLUHFWQHVV LW
PDNHV XS LQ QXDQFH $ WHUP WKDW FDXVHV SHRSOH WR VWRS DQG WKLQN KHOSV SUREOHPDWL]H
WKH LGHD RI SHHU OHDUQLQJ ॡH WHUP HYRNHV EXW DOVR FKDOOHQJHV WKH LGLRP RI WKH ۢJXLGH
RQ WKH VLGHۣ ,W LV D SUHH[LVWLQJ ZRUG LQ ERWK (QJOLVK DQG *UHHN VR LW EULQJV DGGLWLRQDO
DVVRFLDWLRQV WKURXJK LWV HW\PRORJ\∗ ॡHUH DUH PRGHOV RI SHHU OHDUQLQJ WKDW UHPDLQ ۢSUR
YLVLRQLVWۣ UDWKHU WKDQ SHHU SURGXFHG %RXG 	 /HH  LQ RWKHU ZRUGV WKH RSSRUWXQLW\
IRU SHHU OHDUQLQJ LV SURYLGHG E\ VRPH JURXS DQG WDNHQ XS E\ RWKHUV 3DUDJRJ\ FRPHV
ZLWK D EXLOWLQ LPPXQLW\ WR SURYLVLRQLVW WKLQNLQJ $V &KDSWHU  H[SODLQV WKH HPSKDVLV
LQ SDUDJRJ\ LV RQ FRFUHDWLQJ WKH FRQWH[W LQ ZKLFK OHDUQLQJ DQG SURGXFWLRQ WDNH SODFH
ॡH WHUP SHHUDJRJ\ LV PRVW HDVLO\ UHDG DV D V\QRQ\P IRU SHHU OHDUQLQJ ,Q WKLV GRFXPHQW
3HHUDJRJ\ ZLOO DOZD\V UHIHU WR WKH 3HHUDJRJ\ SURMHFW DQG LWV FUHDWLRQV DQG QDPHVDNHV
WKH 3HHUDJRJ\ +DQGERRN 3HHUDJRJ\ SD॔HUQV WKH 3HHUDJRJ\ $FFHOHUDWRU HWF , XVH
SDUDJRJ\ DV D VKRUWKDQG IRU ۢWKH WKHRU\ DQG SUDFWLFH RI SHHU SURGXFHG SHHU OHDUQLQJۣ
 5HODWHG ZRUN
ॡH FRQFHSW RI HPHUJHQW GHVLJQ ZDV DSSOLHG E\ 'DYLG &DYDOOR WR FUHDWH OHDUQLQJ HQ
YLURQPHQWV WRJHWKHU ZLWK WKHLU XVHUV &DYDOOR ३ ४  &DYDOOR ४
GHVFULEHV KLV ZRUN ZLWK ॡDL YLOODJHUV WR KHOS GHVLJQ ORFDO DSSOLFDWLRQV IRU WKH /RJR
FRPSXWHU V\VWHP DV ۢDSSOLHG HSLVWHPRORJLFDO DQWKURSRORJ\ۣ 0RUH UHFHQWO\ WKLV WKHPH
ZDV WDNHQ XS E\ &DYDOOR۟V 3K' VWXGHQW $UQDQ 6LSLWDNLDW  LQ ZRUN ZLWK FKLOGUHQ
OHDUQLQJ URERWLFV ॡLV SUDFWLFH DLPV WR OHDUQ DORQJ ZLWK UHVHDUFK VXEMHFWV DV WKH\ EXLOG
RQ WKHLU H[LVWLQJ NQRZOHGJH DQG VNLOOV W\SLFDOO\ LQ FRQVWUXFWLRQLVW VFHQDULRV ۙ LQ ZKLFK
ۢHYHU\WKLQJ >LV WR@ EH XQGHUVWRRG E\ EHLQJ FRQVWUXFWHGۣ ۙ DV RSSRVHG WR ۢLQVWUXFWLRQLVWۣ
VFHQDULRV WKDW HPSKDVL]H WHDFKLQJ 3DSHUW 	 +DUHO 
ॡH LGHD RI HPHUJHQW GHVLJQ ZLOO EH FRQQHFWHG LQ WKH FXUUHQW ZRUN WR WKH SRVVLELO
LW\ RI D ۢSUREOHPDWLFۣ XQGHUVWDQGLQJ RI UHDOLW\ D॑HU 'HOHX]H  'HOHX]H FDOOV WKLV
WKH SKLORVRSK\ RI GL੘HUHQFH DQG LW LV JURXQGHG LQ KLV WKLQNLQJ DERXW PDWKHPDWLFDO G\
∗*UHHN ͕͕ͤͥ͗ͭ͗͒ PHDQLQJ ۢSURGXFWLRQ ۣ ۢJHQHUDWLRQۣ (QJOLVK ۢFRDSWDWLRQ ۣ LH ۢWKH DGDSWDWLRQ RU
DGMXVWPHQW RI SDUWV WR HDFK RWKHU ۣ DQG DOVR ۢOH॔HUV DGGHG IRU HPSKDVLV RU WR FKDQJH WKH VHQVH RI D ZRUGۣ

i 5HODWHG ZRUN
QDPLFV %XLOGLQJ RQ WKH DVVRFLDWHG QH[XV RI SKLORVRSKLFDO DQG VFLHQWLਖ਼F LGHDV 0DQXHO
'H/DQGD  PDNHV D VXUYH\ RI WKH KLVWRU\ RI OLIH WKURXJK D VHULHV RI FRPSXWHU VLPX
ODWLRQV RI G\QDPLFDO V\VWHPV VWDUWLQJ ZLWK ZDWHU DQG HQGLQJ ZLWK S\ULDPLGV
ॡH DUUD\ RI ۢPDQPDGH LQIRUPDWLRQ VRXUFHV IRU WKH GLUHFWLYH RUGHULQJ RI KXPDQ FRQ
GXFWۣ *HHUW]  S  WKDW DUH UHOHYDQW WR PDWKHPDWLFDO SUDFWLFH FDQ EH WUHDWHG
ZLWK D VLPLODU PXOWLOD\HUHG FRPSXWDWLRQDO DSSURDFK 0XFK PRUH VR WKDQ *HHUW] WKH
DVVRFLDWHG LGHD RI F\EHUQHWLFV LV DVVRFLDWHG ZLWK WKH ZRUN RI WKH DQWKURSRORJLVW *UHJRU\
%DWHVRQ ZKR LQVLVWHG RQ WKH LPSRUWDQFH RI QRW VHSDUDWLQJ WKH ۢLQWHUQDOۣ DQG ۢH[WHUQDO
PLQGۣ %DWHVRQ  S  ,QJROG FRQWLQXHV WKLV OLQH RI WKRXJKW DQG WUHDWV ۢRUJDQ
LVP SOXV HQYLURQPHQWۣ DV D ۢGHYHORSPHQWDO V\VWHPۣ ,QJROG  S  ,QJROG GRHV QRW
WDON DERXW GHYHORSPHQW XVLQJ WKH ODQJXDJH RI GL੘HUHQFH IURP %DWHVRQ DQG 'HOHX]H EXW
HPSKDVL]HV JURZWK DQG HVSHFLDOO\ FRUUHVSRQGHQFH ,QJROG  SS   &KDSWHU 
ZLOO GUDZ RQ %DWHVRQ۟V SHUVSHFWLYHV RQ OHDUQLQJ
(FRQRPLFV DQG RUJDQL]DWLRQDO WKHRU\ DUH DOPRVW HQWLUHO\ LQ WKH EDFNJURXQG LQ WKH
FXUUHQW ZRUN WKH IRFXV LV RQ SKHQRPHQD WKDW HFRQRPLVWV WHQG WR WUHDW DV H[WHUQDOLWLHV
%ULHਗ਼\ RQH ZD\ WR GHDO ZLWK H[WHUQDOLWLHV WKLV LV WR FUHDWH QHZ PDUNHWV DQG DQRWKHU
LV UHVWUXFWXUH WKH ਖ਼UP ERWK VFHQDULRV ZHUH H[DPLQHG E\ &RDVH   ZKR HP
SKDVL]HG WKH FRVWV DVVRFLDWHG ZLWK H[FKDQJH RU WUDQVIRUPDWLRQ %HQNOHU۟V  LGHD
RI FRPPRQVEDVHG SHHU SURGXFWLRQ LV D WKLUG PRGHO EXLOW DURXQG SRVLWLYH H[WHUQDOLWLHV
WKDW FRDOHVFH LQWR QHZ VKDUHG UHVRXUFHV 2VWURP۟V  GHVLJQ SULQFLSOHV IRU WKH JRY
HUQDQFH RI FRPPRQ SRRO UHVRXUFHV FDQ EH UHODWHG WR %HHU۟V   9LDEOH 6\VWHP
0RGHO ZKLFK GHVFULEHV D F\EHUQHWLF DSSURDFK WR RUJDQL]DWLRQ∗ 3DUDJRJ\ LV GHYHORSHG
DV D SDUDOOHO IUDPHZRUN IRFXVHG RQ WKH G\QDPLFV RI OHDUQLQJ DQG DGDSWDWLRQ
0DWKHPDWLFV LV XVXDOO\ PDQDJHG WKURXJK SURIHVVLRQDO VRFLHWLHV ਖ਼UPV DQG WKH JXLOG
OLNH VWUXFWXUHV RI DFDGHPLD ॡH SRVVLELOLW\ RI PDQDJLQJ LW LQ D PRUH ۢRSHQۣ IDVKLRQ KDV
EHHQ H[SORUHG E\ YDULRXV DXWKRUV VRPH OLNH %XVZHOO HW DO  FRQVLGHULQJ WHFKQLFDO
LVVXHV RWKHUV IRFXVLQJ RQ VRFLDO HQJLQHHULQJ 3LWPDQ 	 /\QFK  7R P\ NQRZOHGJH
WKHUH LV QR SULRU VWXG\ RQ FRQVLGHUDWLRQV UHODWHG WR OHDUQLQJ PDWKHPDWLFV WKH FRPPRQV
EDVHG SHHU SURGXFWLRQ ZD\ :LWKLQ WKH ਖ਼HOG RI PDWKHPDWLFV HGXFDWLRQ PRVW UHVHDUFK
IRFXVHV RQ FODVVURRP VH॔LQJV &ROH  &REE :RRG 	 <DFNHO  &REE 
ॡHUH KDV EHHQ EURDGO\ UHODWHG UHVHDUFK RQ OHDUQLQJ LQ :LNLSHGLD DQG :LNLYHUVLW\
/DZOHU   DQG RQ OHDUQLQJ LQ IUHHOLEUHRSHQ VRXUFH VR॑ZDUH 0HLV]QHU 
, ZLOO GUDZ RQ WKH OD॔HU LQ &KDSWHU  ,W LV DOVR ZRUWKPHQWLRQLQJ WKH WUDGLWLRQV RI FROODER
UDWLYH OHDUQLQJ %UX੘HH  DQG QHWZRUNHG OHDUQLQJۦ ॡH OD॔HU WDNHV LQVSLUDWLRQ IURP
,YDQ ,OOLFK DQG &KULVWRSKHU $OH[DQGHU , GUDZ RQ $OH[DQGHU۟V GHVLJQ SD॔HUQ PHWKRGV
FRQQHFWLQJ WKHP WR WKH LGHD RI HPHUJHQW GHVLJQ DQG 'HOHX]H۟V SKLORVRSK\
∗?iiT,ffTबT7QmM/iBQMXM2if*v#2`M2iB+bnQ7ni?2n*QKKQMb
ۦ?iiT,ff2MXrBFBT2/BXQ`;frBFBfL2irQ`F2/nH2`MBM;

&KDSWHU  6WXG\LQJ 0DWKHPDWLWLFV
 6XPPDU\ RI WKH DUJXPHQW
3DUW  RI WKH WKHVLV GHVFULEHV WKH UHVHDUFK GRPDLQ
, PDNH D FDVH IRU XVLQJ D SHHU SURGXFWLRQ PRGHO WR EXLOG OHDUQLQJ UHVRXUFHV IRU PDWK
HPDWLFV , DOVR PDNH LW FOHDU WKDW 3ODQHW0DWK QHHGV D QHZ GLUHFWLRQ LI LW LV WR KDYH FRQ
WHPSRUDU\ UHOHYDQFH , LQWURGXFH SDUDJRJ\ WKURXJK D GHVFULSWLRQ RI WKH FDVH VWXG\ DW
338 LQ ZKLFK LW GHYHORSHG ॡH NH\ WKHPH LQ SDUDJRJ\ LV WR FRPELQH OHDUQLQJ DW WKH
LQGLYLGXDO OHYHO ZLWK FRQWH[WXDO FKDQJH WKDW LV FKDQJH LQ RUJDQL]DWLRQ RU HQYLURQPHQW
,W LV D WKHRU\ RI OHDUQLQJ DQG DGDSWDWLRQ , GHYHORS SDUDJRJ\ DV D IUDPHZRUN ZKLFK
LV WKHQ XVHG WR RUJDQL]H WKH UHVHDUFK OLWHUDWXUH WKDW LV UHOHYDQW WR SHHU SURGXFHG SHHU
OHDUQLQJ LQ PDWKHPDWLFV ॡLV \LHOGV D SUHOLPLQDU\ VHW RI FULWHULD WKDW FDQ KHOS DGGUHVV
WKH PDLQ UHVHDUFK TXHVWLRQ
3DUW  GHVFULEHV WKH UHVHDUFK PHWKRGRORJ\ DQG SUHOLPLQDU\ VWXGLHV
$ NH\ SKLORVRSKLFDO LGHD LQ WKH WKHVLV LV WKH LGHD RI HPHUJHQFH WKH LGHD WKDW WKH ZKROH
LV DOZD\VPRUH WKDQ WKH VXP RI LWV SDUWV 0\PHWKRGRORJ\ LV URRWHG LQ0DQXHO 'H/DQGD۟V
LGHDV DERXW HPHUJHQW G\QDPLFV WKDW GHYHORS ZLWKLQ DQG DFURVV GL੘HUHQW GRPDLQV DQG
GL੘HUHQW OHYHOV RI DQDO\VLV 'H/DQGD ३  $W WKH PLFUROHYHO , GHYHORS D
VWDWLVWLFDOO\EDVHG VWXG\ RI WKH VRFLDO DQWHFHGHQWV WR OHDUQLQJ LQ 3ODQHW0DWK1R¸VSKHUH
ॡLV VKRZV KRZ D V\VWHP OLNH 3ODQHW0DWK FRXOG EH XVHG DV D UHVHDUFK LQVWUXPHQW WR
VWXG\ SD॔HUQV RI FKDQJH IURP D TXDQWLWDWLYH SHUVSHFWLYH , JDWKHU LGHDV DERXW PDFUR
OHYHO V\VWHPLF FKDQJH IURP UHSUHVHQWDWLYHV RI WKUHH LPSRUWDQW VWDNHKROGHU JURXSV VWX
GHQWV PDWKHPDWLFLDQV DQG UHVHDUFKHUV ZKR VWXG\ PDWKHPDWLFDO SUDFWLFH
3DUW  SUHVHQWV WKH SULPDU\ UHVXOWV DQG GLVFXVVLRQ
, GHVFULEH WKH LPSOHPHQWDWLRQ RI WKH QHZ 3ODQHWDU\ V\VWHP ZKLFK KDV EHHQ EXLOW WDN
LQJ WKH LGHDV IURP VWDNHKROGHUV RQ ERDUG $॑HU WKH V\VWHPZDV GHSOR\HG RQ 3ODQHW0DWK
D XVHU HYDOXDWLRQ VWXG\ ZDV FRQGXFWHG %DVHG RQ PDWHULDO GUDZQ IURP LQWHUYLHZV ZLWK
XVHUV DERXW WKHLU H[SHULHQFH ZLWK 3ODQHW0DWK3ODQHWDU\ , GHYHORS D UHYLVHG GHVLJQ WKDW
EH॔HU UHਗ਼HFWV WKH SXUSRVHV WKDW XVHUV VHH WKH VLWH DV VHUYLQJ )LQDOO\ , FRQFOXGH WKDW D
SDUDJRJLFDO DSSURDFK WR HPHUJHQW GHVLJQ FDQ EH H੘HFWLYHO\ DSSOLHG ZLWKLQ PDWKHPDW
LFV DV D ZD\ ۢWR SRVH WKH SUREOHPV VHW ZLWKLQ LW DQG WR LW E\ WKH GLठHUHQWLDO UHODWLRQV LW
LQFDUQDWHVۣ 'HOHX]H  S 

3DUW 
ࢌH UHVHDUFK GRPDLQ

 +LVWRULFDO %DFNJURXQG
&RXOG OHDUQLQJPDWKHPDWLFV EHFRPHPRUH OLNH WKH OHDUQLQJ WKDW KDSSHQV LQ WKH
FRXUVH RI GHYHORSLQJ IUHHRSHQ VRXUFH VRࢆZDUH"
 ࢌH 3ODQHW0DWK (QF\FORSHGLD
%HJLQQLQJV
ॡHSUHKLVWRU\ RI 3ODQHW0DWKZDV WLHG WR WKH IDWH RI D VLPLODUO\QDPHGZHEVLWH 0DWK
:RUOG∗ (ULF :HLVVWHLQ EHJDQ FROOHFWLQJ WKH PDWHULDO QRZ IRXQG LQ 0DWK:RUOG DV D KLJK
VFKRRO VWXGHQW DQG FRQWLQXHG WKH SURMHFW DV D FROOHJH VWXGHQW LQ WKH ODWH V ۢ(ULF۟V
7UHDVXUH 7URYH RI 0DWKHPDWLFVۣ ZHQW RQOLQH LQ  ZKHQ :HLVVWHLQ ZDV D JUDGXDWH
VWXGHQW LQ DVWURQRP\ DW WKH &DOLIRUQLD ,QVWLWXWH RI 7HFKQRORJ\ۦ
,Q 1RYHPEHU  :HLVVWHLQ PDGH D GHDO ZLWK WKH &5& 3UHVV WR SXEOLVK KLV HQF\FOR
SHGLD LQ ERRN IRUPDW DV WKH &5& &RQFLVH (QF\FORSHGLD RI 0DWKHPDWLFV :HLVVWHLQ 
2QH \HDU ODWHU :HLVVWHLQ DFFHSWHG WKH SRVLWLRQ RI (QF\FORSHGLVW DW :ROIUDP 5HVHDUFK
,QF DQG WKH QHZO\UHEUDQGHG ۢ0DWK:RUOGۣ VLWH ZDV XQYHLOHG LQ 'HFHPEHU ۧ ,Q
0DUFK  &5& 3UHVV VXHG :HLVVWHLQ DQG :ROIUDP 5HVHDUFK IRU FRS\ULJKW YLRODWLRQ
IRUFLQJ 0DWK:RUOG R੘ RI WKH LQWHUQHW 86 3DWHQWV ॠDUWHUO\  (ULF :HLVVWHLQ ZDV
XQGHUVWDQGDEO\ GLVPD\HG ۢ>,@I \RX HYHU DVVHPEOH D ERG\ RI NQRZOHGJH WKDW \RX ZDQW WR
VKDUH ZLWK RWKHUV \RX GRQڥW ZDQW WR JR WKURXJK ZKDW , KDYH MXVW JRQH WKURXJKۣi
∗?iiT,ffKi?rQ`H/XrQH7`KX+QK
ۦ?iiT,ffrrrX2+?`+?X+QKf7Q`mKf`+?Bp2fBM/2tXT?Tfi@फळयफरX?iKH
ۧ?iiT,ff2MXrBFBT2/BXQ`;frBFBf1`B+nqXnq2Bbbi2BM
i?iiT,ffrrrX2+?`+?X+QKf7Q`mKf`+?Bp2fBM/2tXT?Tfi@फळयफरX?iKH

&KDSWHU  +LVWRULFDO %DFNJURXQG
0DWK:RUOG XVHUV 1DWKDQ (JJH DQG $DURQ .URZQH WKHQ XQGHUJUDGXDWHV DW WKH 9LU
JLQLD 3RO\WHFKQLF ,QVWLWXWH DQG 6WDWH 8QLYHUVLW\ ZHUH DOVR GLVPD\HG ۙ DQG LQ $XWXPQ
 WKH\ GHYLVHG WKH LGHD IRU 3ODQHW0DWK LW ZRXOG EH D FROODERUDWLYHO\ FUHDWHG PDWK
HPDWLFV UHIHUHQFH ZRUN WKDW ZRXOG KDYH UHVLVWDQFH WR FRS\ULJKW WKUHDWV EXLOWLQ LQ WKH
IRUP RI DQ RSHQ FRQWHQW OLFHQVH
%\ 6XPPHU  WKH EDVLF LQIUDVWUXFWXUH IRU FUHDWLQJ DQ HQF\FORSHGLD ZDV FRP
SOHWH DQG D ਗ਼HGJOLQJ FRPPXQLW\ KDG JURZQ XS DURXQG 3ODQHW0DWK ,W ZDV QRW DORQH
:LNLSHGLD DOVR ODXQFKHG WKDW \HDU 0D\R )XVWHU 0RUHOO GHVFULEHV  DV D ZDWHUVKHG
\HDU LQ WKH KLVWRU\ RI RQOLQH FUHDWLRQ FRPPXQLWLHV ۙ WKH \HDU ZKHQ WKH IRFXV VSUHDG
ۢIURP IUHH VRࡆZDUH WR IUHH FXOWXUHۣ 0RUHOO 
ॡH &5& ODZVXLW ZDV VH॔OHG IRU DQ XQGLVFORVHG VXP LQ ODWH  DQG RQ 1RYHP
EHU   0DWK:RUOG UHWXUQHG WR WKH LQWHUQHW∗ %XW LQ WKH PHDQ WLPH D QHZ RQOLQH
FRPPXQLW\ KDG EHHQ ERUQ ۙ ZLWK VRPH YHU\ GL੘HUHQW SULQFLSOHV DQG SUDFWLFHV :KHUHDV
0DWK:RUOG۟V WHUPV RI XVH GLVDOORZ DUFKLYDO FRSLHV 3ODQHW0DWK UHJXODUO\ SXEOLVKHG VQDS
VKRWV RI WKH FRQWHQW IRU GRZQORDG 0RUHRYHU XQGHU WKH WHUPV RI WKH VLWH۟V OLFHQVH RULJ
LQDOO\ WKH *18 )UHH 'RFXPHQWDWLRQ /LFHQVH ODWHU WKH &UHDWLYH &RPPRQV $॔ULEXWLRQ
6KDUH$OLNH OLFHQVHۦۧ XVHUV DUH SHUPL॔HG ۙ DQG LQGHHG HQFRXUDJHG ۙ WR FRS\ PLUURU
UHGLVWULEXWH SULQW UHPL[ DQG UHXVH 3ODQHW0DWK FRQWHQW IRU FRPPHUFLDO RU RWKHU SXU
SRVHV ۙ VR ORQJ DV DOO VXFK ZRUNV DUH SXEOLVKHG XQGHU WKH VDPH OLFHQVH DV 3ODQHW0DWK
JUDQWLQJ GRZQVWUHDP XVHUV WKH VDPH ULJKWV
6WDELOL]DWLRQ
ॡH NH\ UHIHUHQFH RQ WKH IRXQGLQJ DQG IRXQGDWLRQ RI 3ODQHW0DWK LV $DURQ .URZQH۟V
३ 0DVWHU۟V WKHVLV $Q $UFKLWHFWXUH IRU &ROODERUDWLYH 0DWK DQG 6FLHQFH 'LJLWDO /L
EUDULHV ZUL॔HQ DW 9LUJLQLD 7HFK XQGHU WKH VXSHUYLVLRQ RI (G )R[ ,Q WKLV WKHVLV .URZQH
GHVFULEHV KRZ WKH HDUO\ GHVLJQ DQG GHYHORSPHQW RI WKH VLWH EHQHਖ਼WHG IURP FRQWLQXRXV
IHHGEDFN LQ WKH OKi? ,5& FKDQQHO RQ 8QGHUQHWi +H DOVR GHWDLOV WKH NH\ WHFKQLFDO DQG
FRPPXQLW\ IHDWXUHV RI WKH VLWH DV WKH\ GHYHORSHG LQ WKLV SHULRG
ۨ $ VWDWHRIWKHDUW V\VWHP IRU GLVSOD\LQJ PDWKHPDWLFDO QRWDWLRQ RQ WKH ZHE VWDUW
LQJ IURP /$7(; VRXUFHV
ۨ $ ਗ਼H[LEOH DXWKRULW\ PRGHO WKDW FDQ VXSSRUW ERWK ZLNLVW\OH DUWLFOHV WKDW DQ\RQH
FDQ HGLW DQG D PRUH DFDGHPLF VW\OH ZKHUH DUWLFOHV DUH RZQHG E\ RQH SHUVRQ
ZKRPD\ LI WKH\ ZLVK JUDQW FRDXWKRUVKLS SHUPLVVLRQV WR FKRVHQ RWKHUV DQG ZKR
∗?iiT,ffKi?rQ`H/XrQH7`KX+QKf#Qmif7[X?iKHO?BbiQ`v
ۦ?iiT,ffrrrX;MmXQ`;fHB+2Mb2bf7/H@फXभ@7[X?iKH
ۧ?iiT,ff+`2iBp2+QKKQMbXQ`;fHB+2Mb2bf#v@bfभXपfmbf
iB`+,ffB`+XmM/2`M2iXQ`;fKi?

i ࢌH 3ODQHW0DWK (QF\FORSHGLD
PXVW UHVSRQG WR VHSDUDWH FRPPHQWDU\ IURP SHHU UHYLHZHUV LQ RUGHU WR PDLQWDLQ
RZQHUVKLS .URZQH 	 %D]D] 
ۨ $ GLVFXVVLRQ IRUXP D॔DFKHG WR HYHU\ HQF\FORSHGLD DUWLFOH ZKLFK KHOSV JLYH WKH
UHVRXUFH LWV ۢSHGDJRJLFDO VODQWۣ ∗
ۨ $Q DXWROLQNLQJ VHUYLFH WKDW KHOSV LQWHJUDWH FRQWHQW LQWR WKH VLWH E\ HQDEOLQJ DX
WKRUV WR IRFXV RQ WKH FRQWHQWV RI RQH DUWLFOH DW D WLPH
ۨ ॡH0DWKHPDWLFV 6XEMHFW &ODVVLਖ਼FDWLRQ 06& GHYLVHG E\ WKH $PHULFDQ0DWKHPDW
LFDO 6RFLHW\ DQG =HQWUDOEOD॔ 0$7+ SURYLGHV D KLHUDUFKLFDO EURZVLQJ PHFKDQLVP
ۨ $ SHHU UHYLHZ ZRUNਗ਼RZ EXLOW DURXQG D FRQWHQWOHYHO EXJ UHSRUWLQJ IHDWXUH FDOOHG
ۢFRUUHFWLRQV ۣ DQG XVHUPHVVDJLQJ IHDWXUH FDOOHG ۢZDWFKHVۣ ॡHZRUNਗ਼RZ LQFOXGHV
D IHDWXUH ZKHUHE\ DUWLFOHV DUH ۢRUSKDQHGۣ LI D FRUUHFWLRQ LV QRW UHVSRQGHG WR D॑HU
D JLYHQ SHULRG RI WLPH $ V\VWHP IRU EXJ UHSRUWV LV SDUWLFXODUO\ LPSRUWDQW LQ OLJKW
RI WKH DXWKRULW\ PRGHO PHQWLRQHG DERYH WKH KLVWRULFDO 3ODQHW0DWK LV QRW DQ ۢHQ
F\FORSHGLD DQ\RQH FDQ HGLWۣۦ LQ WKH W\SLFDO ZLNL VHQVH
ۨ ۢ$॔DFKPHQWVۣ H[SDQG LQGLYLGXDO DUWLFOHV ZLWK GHWDLOHG SURRIV DQG UHODWHG H[SRVL
WLRQV
ۨ $ VFRULQJ IHDWXUH SURYLGHV D URXJK HVWLPDWH RI KRZ PXFK YDOXH HDFK XVHU KDV
FRQWULEXWHG WR WKH VLWH
ۨ 'RZQVWUHDP XVH DQG PRGLਖ਼FDWLRQ RI 3ODQHW0DWK۟V FRQWHQW LV SHUPL॔HG XQGHU
WKH WHUPV RI WKH &UHDWLYH &RPPRQV $॔ULEXWLRQ6KDUH $OLNH OLFHQVH &&%\6$
D FRS\OH॑ IUHH FRQWHQW OLFHQVH
2QH FDQ UHDGLO\ VSRW ZD\V LQ ZKLFK WKH FRUH LGHDV RI FRPPRQVEDVHG SHHU SURGXFWLRQ
ۙ PRGXODULW\ JUDQXODULW\ LQWHJUDWLRQ %HQNOHU  ۙ KDG DQ LQਗ਼XHQFH RQ WKH GHVLJQ
RI WKH VLWH $UWLFOHV DUH PRGXODU DQG UHODWLYHO\ VHOIFRQWDLQHG &RPPHQWV DQG FRUUHF
WLRQV DUH HYHQ PRUH ਖ਼QHJUDLQHG WKDQ DUWLFOHV ॡH 0DWKHPDWLFV 6XEMHFW &ODVVLਖ਼FDWLRQ
D॔DFKPHQW IHDWXUH DQG DXWROLQNLQJ VHUYLFH FRQQHFW UHODWHG DUWLFOHV DVVLVWLQJ ZLWK LQWH
JUDWLRQ $UWLFOH RZQHUVKLS PRGXODUL]HV FRQWURO DQG SURYLGHV D SURWHFWLRQDU\ PHDVXUH
IRU DXWKRUV WKDW LV QRW JLYHQ E\ WKH FRQWHQW OLFHQVH 5D\PRQGLWH ۢKRPHVWHDGLQJۣ ZDV
EXLOW LQ WR 3ODQHW0DWK۟V FXVWRP VR॑ZDUH 1R¸VSKHUH IURP WKH EHJLQQLQJ ۙ DQG WKH V\V
WHP WDNHV LWV QDPH IURP (ULF 5D\PRQG۟V  HVVD\
,Q  3ODQHW0DWK LQFRUSRUDWHG DQG LQ  REWDLQHG QRQSURਖ਼W VWDWXV VR WKDW LW
FRXOG DFFHSW WD[GHGXFWLEOH GRQDWLRQV LQ WKH 86 7RJHWKHU ZLWK D VPDOO VWUHDP RI DGYHU
WLVLQJ UHYHQXH GRQDWLRQV FRYHUHG KRVWLQJ DQG RWKHU PDLQWHQDQFH FRVWV VLQFH WKDW WLPH
∗?iiT,ffTHM2iKi?XQ`;f?BbiQ`vX?iKH
ۦ?iiT,ff2MXrBFBT2/BXQ`;

&KDSWHU  +LVWRULFDO %DFNJURXQG
0DWKHPDWLFV SUREOHPV
ॡLV VHFWLRQ GHVFULEHV P\ RZQ HDUO\ LQYROYHPHQW ZLWK WKH 3ODQHW0DWK SURMHFW
)URP  , ZDV HQUROOHG DV D JUDGXDWH VWXGHQW LQ PDWKHPDWLFV DW WKH 8QLYHU
VLW\ RI 7H[DV LQ $XVWLQ DQG LQ SRVVHVVLRQ RI D ODUJH DQG JURZLQJ SHUVRQDO FROOHFWLRQ RI
WHUVHO\ZUL॔HQ GHਖ਼QLWLRQV DQG SURRIV UHODWHG WR WKH GHSDUWPHQW۟V SUHOLPLQDU\ H[DPV
)RU H[DPSOH
OHEHVJXH RXWHU PHDVXUH IDFW OHEHVJXH RXWHU PHD
VXUH LV LQਖ਼PXP RI OHEHVJXH RXWHU PHDVXUHV RI RSHQ
VXSHUVHWV
 ; ⊂RQ
 / = {2 ⊂⋅RQ ∶ 2 ⊃ ;}
 ∣;∣H = LQI2 ∈ /({∣2∣H})
0\ QDPH IRU WKLV FROOHFWLRQ ZDV WKH ۢ$XVWLQ 3UREOHPV LQ0DWKHPDWLFV ۙ &URVV,QGH[ ۣ
QDPHG IROORZLQJ WKH SD॔HUQ HVWDEOLVKHG E\ %HUNHOH\ 3UREOHPV LQ 0DWKHPDWLFV 'H 6RX]D
	 6LOYD  DQG VW\OHG $30͐∗ ,Q IDFW WKLV ZRUN KDG DVPXFK WR GRZLWK WKH WUDGLWLRQ
RI FRPSXWHU PDWKHPDWLFV LQ WKH DLU LQ $XVWLQ DV LW KDG WR GR ZLWK H[DPV
ॡLV WUDGLWLRQ ZDV HPERGLHG LQ V\VWHPV DQG SURMHFWV OLNH 4(' %R\HU HW DO 
0D[LPD -R\QHU  $&/ .DXIPDQQ 	 6WURWKHU 0RRUH  $0 /HQDW 
/HQDW 	%URZQ  &\F /HQDW  ,6$$& 1RYDN  1RYDN	%XONR  DQG
.0 &ODUN 	 3RUWHU  DPRQJ RWKHUV $OWKRXJK , ZDV LQ WKHPDWKHPDWLFV GHSDUWPHQW
DQG QRW WKH FRPSXWHU VFLHQFH GHSDUWPHQW , ZDV TXLWH GUDZQ WR WKLV ERG\ RI ZRUN 0\
QRWLRQ ZDV WR H[SUHVV DOO RI WKH GHਖ਼QLWLRQV DQG WKHRUHPV UHOHYDQW WR WKH SUHOLP H[DPV
LQ D V\PEROLF IRUP WKDW FRXOG EH UHODWLYHO\ HDVLO\ WUDQVODWHG LQWR FRPSXWHU FRGHۦ
, ZDV FRQYLQFHG WKDWZULWLQJ GRZQ DOO RI WKH UHOHYDQW GHਖ਼QLWLRQV WKHRUHPV DQG SURRIV
LQ PHWLFXORXV GHWDLO ZRXOG H੘HFWLYHO\ JXDUDQWHH WKDW , ZRXOG EH DEOH SDVV WKH H[DPV
ۙ HYHQ LI , ZDVQ۟W DEOH WR EXLOG D PDWKHPDWLFDO DUWLਖ਼FLDO LQWHOOLJHQFH WKDW ZRXOG SDVV
WKHP RQ P\ EHKDOI RU WXWRU PH LQ WLPH ۢ5HOHYDQFHۣ WR P\ PLQG ZDV GHWHUPLQHG E\
∗?iiT,ffK2iK2bQXQ`;fDQ2fKi?fsBXT/7
ۦ3HU ?iiT,ffK2iK2bQXQ`;fDQ2fKi?fफपपXT/7 WKH WUDQVODWLRQ RI WKH DERYH H[DPSOH LQWR D PRUH
FRPSXWHUIULHQGO\ V\QWD[ ZRXOG KDYH EHHQ
U/27i?K H2#@Qmi2`@K2bm`2@BM7@Qp2`@QT2M@bmT2`b2ib UsV
Ubm#b2i s _MV
UH2i UUG Ub2iQ7 UQT2M@bm#b2i P _MV ,bi UbmTb2i P sVVVV
U2[ UH2#@Qmi2`@K2bm`2 sV
UBM7 ,Qp2` P ,BM G ,Q7 UH2#@Qmi2`@K2bm`2 PVVVVV

i ࢌH 3ODQHW0DWK (QF\FORSHGLD
LQFOXVLRQ DPRQJ WKH SUREOHPV DQG LGHDV IRXQG LQ ROG H[DPV ۙZKLFK ZHUH DYDLODEOH IURP
WKH GHSDUWPHQW۟V ਖ਼OLQJ FDELQHWV ZLWKRXW VROXWLRQV
, SXUSRVHIXOO\ QHJOHFWHG WKH IDFW WKDW WKH UHTXLUHG ਖ਼UVW \HDU FRXUVHV ZHUH H[SUHVVO\
GHVLJQHG WR SUHSDUH VWXGHQWV IRU WKLV \HDU۟V SUHOLPLQDU\ H[DPV ZKLFK ZRXOG EH ZULW
WHQ E\ WKH LQVWUXFWRUV IRU WKHVH FRXUVHV $FFRUGLQJO\ FRXUVH KRPHZRUN DQG LQFODVV
H[DPV ZRXOG KDYH EHHQ D EH॔HU VRXUFH RI PDWHULDO IRU P\ FURVVLQGH[ %XW KHUH , IRXQG
P\VHOI FDXJKW LQ VRPHWKLQJ RI D SHUIHFW VWRUP &RPSDUHG ZLWK P\ HDUOLHU H[SHULHQFHV
ZLWK PRUH WXWRULDOVW\OH LQVWUXFWLRQ DV DQ XQGHUJUDGXDWH WKH DOPRVW H[FOXVLYHO\ OHFWXUH
RULHQWHG FODVVURRP FXOWXUH ZDV VWLਗ਼LQJ , KDG EHHQ IXUWKHU VSRLOHG E\ HDUO\ SDUWLFLSDWLRQ
LQ FROODERUDWLYH PDWKHPDWLFV UHVHDUFK , WKRXJKW WKDW WKH LQVWUXFWRUV ZHUH VXSSRVHG WR
KHOS PH OHDUQ PDWKHPDWLFV DQG LQGHHG KHOS PH WR JHW WR WKH UHVHDUFK IURQWLHU DV TXLFNO\
DV SRVVLEOH LQVWHDG LW VHHPHG DV LI WKH\ ZHUH SX॔LQJ LQ H੘RUW WR PDNH WKH HQWLUH H[SHUL
HQFH DV GLणFXOW DV SRVVLEOH )LQDOO\ , ZDV DZDUH WKDW RWKHU VWXGHQWV ZRXOG R॑HQ VWXG\
IRU WKH FRXUVHV WRJHWKHU EXW , ZDVQ۟W VXUH ZKDW WR WKLQN DERXW WKLV :DV LW HQFRXUDJHG"
:DV LW FKHDWLQJ" $V LW WXUQHG RXW , ZDVQ۟W LQYLWHG DQG , GLGQ۟W LQYLWH P\VHOI
,QVWHDG , VSHQWPRVW RIP\ WLPH EXLOGLQJP\ FURVVLQGH[ RI ROG H[DPPDWHULDO UHDGLQJ
SKLORVRSK\ ERRNV DQG OHDUQLQJ KRZ WR SURJUDP LQ /,63 ZLWK VXSSRUW IURP WKH FRQWULEX
WRUV WR PDLOLQJ OLVWV UHODWHG WR *18 (PDFV ۢWKH H[WHQVLEOH FXVWRPL]DEOH VHOIGRFXPHQWLQJ
GLVSOD\ HGLWRUۣ 6WDOOPDQ  $QG , WKRXJKW ZK\ VWRS ZLWK WKH JUDGXDWH FXUULFXOXP"
$QG VR WKH JRDO VKL॑HG OHW۟V EXLOG D FRS\ULJKWIUHH FRPSXWHU VLPXODWLRQ RI DOO NQRZQ
PDWKHPDWLFV
,W VHHPHG WR PH WKDW WKH PDWKHPDWLFV FRPPXQLW\ ZDV HQWLUHO\ XQLQWHUHVWHG LQ DQ\
SRWHQWLDOO\ OLEHUDWRU\ DVSHFWV RI FRPSXWHUV $ QHZ SURMHFW IRFXVHG RQ PDNLQJ FRPSXWHU
PDWKHPDWLFV UHOHYDQW WR KXPDQPDWKHPDWLFLDQV ۙ KHUH , ZDV LQVSLUHG E\ *18 DQG 'HHS
%OXH ۙ VHHPHG WR EH WKH RQO\ VXLWDEOH UHVSRQVH , FDOOHG WKLV WKH +\SHUUHDO 'LFWLRQDU\ RI
0DWKHPDWLFV SURMHFW FI %DXGULOODUG ∗ۦ
,Q  , GLVFRYHUHG WKH 3ODQHW0DWK ZHEVLWH DQG LQLWLDWHG D FRUUHVSRQGHQFH ZLWK
$DURQ .URZQH DERXW WKH SRWHQWLDO IRU RYHUODS EHWZHHQ 3ODQHW0DWK DQG +'0 , DGPLUHG
WKH IDFW WKDW KH KDG SXW WRJHWKHU D UHDO ZRUNLQJ V\VWHP ZLWK DFWXDO XVHUV &RQVLGHULQJ
WKH PDJQLWXGH RI +'0 SURMHFW , NQHZ LW ZRXOG HYHQWXDOO\ QHHG D FURZGVRXUFLQJ FRP
SRQHQW 3ODQHW0DWK ZDVQ۟W GRLQJ TXLWH ZKDW , KDG LQ PLQG EXW LW VHHPHG OLNH D JRRG
SODFH WR VWDUW ,Q $XWXPQ RI WKDW \HDU ZH XSORDGHG WKH FRQWHQWV RI WKH $30͐ LQWR WKH
3ODQHW0DWK HQF\FORSHGLD DV ZRUOGHGLWDEOH ۢVHHG HQWULHV ۣ
ॡLV ZDV QRW UHFHLYHG SDUWLFXODUO\ IDYRUDEO\ E\ 3ODQHW0DWK XVHUV ZKLFK JHQHUDWHG D
UDQJH RI XVHIXO UHਗ਼HFWLRQVۧ ॡH SULPDU\ FRQFHUQV UDLVHG E\ FRPPXQLW\ PHPEHUV ZHUH
∗?iiT,ffrBFBXTHM2iKi?XQ`;f+;B@#BMfrBFBXTHf>.J
ۦ.HOOQHU  R੘HUV D XVHIXO RYHUYLHZ RI -HDQ %DXGULOODUG۟V ZULWLQJ
ۧ?iiT,ffrBFBXTHM2iKi?XQ`;f+;B@#BMfrBFBXTHfQM2nr22FnBMnQ+iQ#2`

&KDSWHU  +LVWRULFDO %DFNJURXQG
 ॡH HQWULHV FRXOG QRW EH XQGHUVWRRG ZLWKRXW UHDGLQJ DQ DFFRPSDQ\LQJ )$4 DQG
ZHUH QRW ۢKXPDQ UHDGDEOHۣ
 $ FDVXDO YLVLWRU WR WKH 3ODQHW0DWK ZHEVLWH PLJKW JHW WKH ZURQJ LPSUHVVLRQ DERXW
WKH QDWXUH RI WKH HQF\FORSHGLD ZKHQ ORRNLQJ DW WKH RZQHG E\ WKH XVHU DSP[L DQG
 1HDUO\  HQWULHV KDG EHHQ LQWURGXFHG LQWR 3ODQHW0DWK E\ WKH VLWH۟V DGPLQLVWUDWRU
LQ RQH ELJ EDWFK FLUFXPYHQWLQJ DW OHDVW LQ RXWZDUG DSSHDUDQFHV WKH VLWH۟V XVXDO
PRGHO RI FDUHIXO UHYLHZ DQG FROODERUDWLYH HGLWLQJ RI HQWULHV
6XEVHTXHQW WR D SROO LW ZDV GHFLGHG WKDW WKH HQWULHV RZQHG E\ DSP[L ZRXOG EH ۢRU
SKDQHGۣ DQG DQ\ WKDW ZHUH QRW DGRSWHG E\ FRPPXQLW\ PHPEHUV D॑HU D ZHHN ZRXOG EH
GHOHWHG IURP WKH HQF\FORSHGLD ॡLV ZDV WKH IDWH WKDW EHIHOO PRVW
,W ZDV FOHDU LQ KLQGVLJKW WKDW WKH $30͐ PDWHULDO ۙ LQGHSHQGHQW RI LWV SRWHQWLDO YDOXH
IRU FRPSXWHU PDWKHPDWLFV ۙ ZDV QRW VRPHWKLQJ WKDW KDG D SRVLWLYH YDOXH IRU PRVW SHRSOH
LQ WKH 3ODQHW0DWK XVHU FRPPXQLW\ $OWKRXJK LW ZDV VRPHWKLQJ RI D SHUVRQDO HPEDUDVV
PHQW WKH DSP[L LQFLGHQW ZDV D WHVWDPHQW WR WKH VWUHQJWK RI 3ODQHW0DWK۟V QRUPV DQG
LW LOOXVWUDWHG WKH UROH WKDW VKDUHG QRUPV SOD\ LQ PDLQWDLQLQJ DQ LQWHJUDWHG FRPPRQ UH
VRXUFH ,W DOVR VKRZHG WKDW WKH VSHFLਖ਼F D੘RUGDQFHV RI FRPSXWHU WHFKQRORJ\ IRU LQVWDQFH
IRU EXON SURFHVVLQJ RU IRU XVLQJ K\SHUWH[WXDO PHWKRGV WR SUHVHQW DOWHUQDWH WUHDWPHQWV
RI D JLYHQ WRSLF ZRXOG QHHG WR EH XVHG DQG GHYHORSHG FDUHIXOO\ VR DV WR ZRUN ZHOO IRU
WKH SHRSOH LQYROYHG
$V FRXOG KDYH EHHQ H[SHFWHG RYHU WKH QH[W \HDU WKLQJV JURXQG VORZO\ WR D KDOW IRU PH
LQ 7H[DV :LWK QR SUHOLP H[DP VXFFHVV , ZDV WUDQVIHUUHG LQWR WKH 0DVWHU۟V SURJUDP DQG
JLYHQ WKH RSSRUWXQLW\ WR ZRUN ZLWK WKH PDWKHPDWLFLDQ DQG FRPSXWHU VFLHQWLVW 5REHUW
%R\HU EXW KH DQG , FRXOGQ۟W VHH H\H WR H\H DERXW D WKHVLV WRSLF $W WKH HQG RI $XWXPQ
LQ  , ZDV IRUPDOO\ DVNHG WR OHDYH
$OWKRXJK , KDG EHHQ DQ HUUDQW DQG LUUHVSRQVLEOH PDWKHPDWLFV JUDGXDWH VWXGHQW ,
KDG DVVHPEOHG DQRWKHU LGHQWLW\ DORQJ WKH ZD\ WKDW RI D QHFHVVDULO\ LQWHUGLVFLSOLQDU\ UH
VHDUFKHU ZRUNLQJ RQ XQGHUVWDQGLQJ DQG WUDQVIRUPLQJ PDWKHPDWLFDO FXOWXUH $OWKRXJK
3ODQHW0DWKZDV LQPDQ\ UHVSHFWV ۢPDUJLQDOۣ WRPDLQVWUHDPPDWKHPDWLFV DQGP\ SURMHFW
ZDV RQ WKH IULQJHV HYHQ RI 3ODQHW0DWK WKLV ZDV D GLJLWDO OLEUDU\ ۙ ZKHUH WKH PDUJLQ ZDV
SHUKDSV QRW VXFK D EDG SODFH WR EH∗
∗,Q FRQQHFWLRQZLWK WKH LGHD RI ۢPDWK IRU WKH SHRSOH E\ WKH SHRSOH ۣ LV ZRUWK SRLQWLQJ RXW WKDW $UHQGWLDQ
FRQVWLWXHQW PRPHQWV ۢHQDFW IHOLFLWRXV FODLPV WR VSHDN LQ WKH SHRSOHڥV QDPH HYHQ WKRXJK WKRVH FODLPV H[SOLFLWO\
EUHDN IURP WKH DXWKRUL]HG SURFHGXUHV RU QRUPV IRU UHSUHVHQWLQJ WKH SRSXODU YRLFH ۣ FI )UDQN  S 

i ࢌH 3ODQHW0DWK (QF\FORSHGLD
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PHVVDJHV
DUWLFOHV
FRUUHFWLRQV
)LJXUH  3ORW VKRZLQJ WKH QXPEHU RI PHVVDJHV DUWLFOHV DQG FRUUHFWLRQV DGGHG WR 3ODQHW
0DWK RYHU WKH ODVW GHFDGH
5HDFK DQG VFRSH
6LQFH 3ODQHW0DWK GHVFULEHV LWVHOI ZLWK WKH E\OLQH ۢE\ WKH SHRSOH IRU WKH SHRSOHۣ RQH
ZD\ WR DVVHVV LWV TXDOLW\ VXFFHVV DQG YLWDOLW\ LV WKURXJK GDWD RQ XVHU SDUWLFLSDWLRQ $V
DQ LQLWLDO IRUD\ )LJXUH  VKRZV WKH FRQWULEXWLRQV SHU \HDU LQ YDULRXV VHFWRUV RI WKH VLWH
$V LV W\SLFDO IRU RQOLQH FRPPXQLWLHV FRQWULEXWLRQV DUH XQHYHQ DQG URXJKO\ IROORZ D
ۢSRZHU ODZۣ GLVWULEXWLRQ LH I([) = D[N ॡH UHOHYDQW H[SRQHQW LV DSSUR[LPDWHO\ −म
ZKLFK UHSUHVHQWV D PXFK VWHHSHU GURSR੘ WKDQ SRSXODULW\ RQ WKH LQWHUQHW ≈ −भ HQHUJ\
Hਜ਼FLHQF\ RI VFDOH IRU OLYLQJ RUJDQLVPV ≈ −ब RU ZRUG IUHTXHQFLHV LQ QDWXUDO ODQJXDJH
WH[WV ≈ −फ FI &RUQHOL 
3ODQHW0DWK FDQ DOVR EH HYDOXDWHG DV DQ HQF\FORSHGLD $ EULHI VXPPDU\ IROORZLQJ WKH
IUDPHZRUN XVHG E\ (PPD 3UHYLDWR  LQ KHU UHYLHZ RI WKH &5& &RQFLVH (QF\FORSHGLD
RI 0DWKHPDWLFV :HLVVWHLQ  JLYHV D ORRN DW KRZ 3ODQHW0DWK PHDVXUHV XS 7DEOH 

&KDSWHU  +LVWRULFDO %DFNJURXQG
&RYHUDJH ॡHPHGLDQ HQWU\ ZRXOG EH DQ DGYDQFHG XQGHUJUDGXDWH RU
EHJLQQLQJ JUDGXDWH WRSLF 3ODQHW0DWK LV JHQHUDOO\ FRQVLG
HUHG WR KDYH PRUH LQGHSWK WUHDWPHQW RI WHFKQLFDO LVVXHV
HJ RI SURRIV WKDQ WKDW IRXQG LQ :LNLSHGLD 2YHU 
WHUPV DUH GHਖ਼QHG LQ RYHU  DUWLFOHV
5HIHUHQFHV 3UHVHQW LQPDQ\ DUWLFOHV DOWKRXJK WKHUH LV QRW \HW D XQLਖ਼HG
GDWDEDVH RI UHIHUHQFHV RU VW\OH RI SUHVHQWLQJ WKHP WKLV LV
SODQQHG
+LVWRU\  LWHPV PRVWO\ WK &HQWXU\ RU ODWHU
?iiT,ffTHM2iKi?XQ`;fKb+n#`Qrb2`fपफtt
$XGLHQFH &RQVLVWHQW ZLWK WKH FRYHUDJH WKHUH KDYH EHHQ  SRVWV
LQ WKH ۢ*UDGXDWH$GYDQFHGۣ IRUXP  SRVWV LQ WKH
ۢ8QLYHUVLW\7HUWLDU\ۣ IRUXP DQG  SRVWV LQ WKH ۢ+LJK
6FKRRO6HFRQGDU\ۣ IRUXP
&ODULW\ ॡHUH LV QR KDUG DQG IDVW UXOH 6RPH DUWLFOHV ZLOO WHQG WR
EHPLQLPDOLVWLF EXW SUHFLVH SDUWLFXODUO\ ZKHQ WKH DXWKRUV
KDYH (QJOLVK DV D VHFRQG ODQJXDJH 2WKHU DUWLFOHV HYHQ
IURP QDWLYH VSHDNHUV PD\ EH YHUERVH DQG YDJXH ,Q DQ\
FDVH GHEDWHV RYHU FODULW\ RI SUHVHQWDWLRQ DUH LQWHQVH DQG
D KLJK VWDQGDUG LV PDLQWDLQHG
3LFWXUHV ॡHUH DUH RYHU  LPDJHV EXW VLQFH WKLV LV RQO\ DERXW
 RI WKH QXPEHU RI DUWLFOHV WKH SUHYDOHQFH FRXOG EH LP
SURYHG $ XQLਖ਼HG GDWDEDVHJDOOHU\ RI SLFWXUHV ZRXOG KHOS
$FFXUDF\ $W WKH WLPH RI WKLV ZULWLQJ WKHUH DUH  RXWVWDQGLQJ FRUUHF
WLRQV PRUH WKDQ  FRUUHFWLRQV KDYH EHHQ ਖ਼OHG VLQFH
WKH VLWH EHJDQ WKRXJK  DUH FODVVLਖ਼HG DV ۢDGGHQGD ۣ
PHDQLQJ WKDW QR PLVWDNH LV LPSOLHG DQG  DUH FODVVL
ਖ਼HG DV ۢPHWDPLQRU ۣ ZKLFK VXJJHVWV WKDW LQ WKH HQWLUH KLV
WRU\ RI 3ODQHW0DWK VRPH  UHDO HUURUV KDYH EHHQ IRXQG
WKURXJK WKH SHHU UHYLHZ SURFHVV DQG DOO EXW D IHZ ਖ਼[HG
1RWH WKDW WKHVH QXPEHUV GR QRW WDNH LQWR DFFRXQW FKDQJHV
LQLWLDWHG E\ DXWKRUV ZLWKRXW SURPSWLQJ DQG ZRXOG WHQG
WR XQGHUUHSUHVHQW HUURU ਖ਼[LQJ LQ ZRUOGHGLWDEOH DUWLFOHV
8QXVXDO 3ODQHW0DWK SURYLGHV ۢPDWK IRU WKH SHRSOH E\ WKH SHRSOH ۣ
:HLJKW 3ODQHW0DWK FDQ EH FRPIRUWDEO\ HGLWHG IURP D OLJKWZHLJKW
ODSWRS ZHLJKLQJ DERXW NJ DQG EURZVHG IURP D PRELOH
GHYLFH ZHLJKLQJ FRQVLGHUDEO\ OHVV
7DEOH  6XFFLQFW UHYLHZ RI WKH 3ODQHW0DWK (QF\FORSHGLD
i ࢌH EURDGHU FRQWH[W
ॡH GURSR੘ LQ SDUWLFLSDWLRQ LQ UHFHQW \HDUV LV SUHVXPDEO\ GXH WR D PL[WXUH RI IDFWRUV
VDWXUDWLRQ RI WKH HQF\FORSHGLD WHFKQLFDO SUREOHPV ZLWK WKH VLWH۟V VR॑ZDUH DQG WKH ULVH
RI VXFFHVVIXO FRPSHWLWLRQ 0RVW QRWDEOH DPRQJ WKH ۢFRPSHWLWLRUVۣ DUH WZR RWKHU VLWHV
:LNLSHGLD DQG 6WDFN([FKDQJH ERWK XVLQJ WKH VDPH OLFHQVH DV 3ODQHW0DWK∗ۦ ,W LV FOHDU
IURP )LJXUH  WKDW 3ODQHW0DWK ZLOO QHHG D QHZ DSSURDFK LI LW LV JRLQJ WR FRQWLQXH WR EH
D SURGXFWLYH FRPPXQLW\ۧ
$V 6RSKLD $QJHOHWRX HW DO ZULWH
+HDOWK RI RQOLQH FRPPXQLWLHV LV D UHODWLYHO\ QHZ DQG FRPSOH[ FRQFHSW WKDW LV FRGHSHQ
GHQW RQ WKH HPHUJHQFH DQG HYROXWLRQ RI XVHU EHKDYLRXU LQ WKRVH FRPPXQLWLHV
$QJHOHWRX 5RZH 	 $ODQL 
 ࢌH EURDGHU FRQWH[W 2WKHU FDQGLGDWH VROXWLRQV
ॡHUH DUH VHYHUDO ZHOOHVWDEOLVKHG JUDWLV DQG VRPH OLEUH SOD\HUV LQ WKH RSHQRQOLQH
PDWKHPDWLFV OHDUQLQJ VSDFH ,Q DGGLWLRQ WR :LNLSHGLD DQG 6WDFN([FKDQJH PHQWLRQHG
DERYH RWKHU UHOHYDQW VHUYLFH SURYLGHUV LQFOXGH 0,7[ &RXUVHUD 2&: HG; 6WDQIRUG
.KDQ $FDGHP\ 3XUSOH0DWKFRP 2SHQ6WXG\FRP DQG IXQFWLRQVSDFHRUJ 2Q R੘HU DUH
DUWLFOHV 4	$ IRUXPV FRXUVHV DQG FRXUVH PDWHULDOV SUREOHP VHWV DQG YLGHRV DV ZHOO DV
SHHU VXSSRUW LQ YDULRXV IRUPV
)RU QRZ WKURXJK LW۟V HFRQRP\ RI VFDOH :LNLSHGLD LV GRPLQDWLQJ LQ WKH HQF\FORSHGLVW
SURVXPHU PDUNHW FI -DQNRZVNL  $॑HU PRUH WKDQ D GHFDGH RI ZRUN 3ODQHW0DWK
LV YDOXDEOH DV D KLJKO\ FXUDWHG WRSLFVSHFLਖ਼F UHIHUHQFH UHVRXUFH EXW :LNLSHGLD LV PRUH
DFWLYH ,W DOVR VHHPV WR GHਖ਼QH PDQ\ PRUH PDWKHPDWLFV WHUPV WKDQ 3ODQHW0DWK DOWKRXJK
D VWUXFWXUHG FRPSDULVRQ RI FRYHUDJH LV VWLOO EHLQJ FKDUWHGi 3HUKDSV VXUSULVLQJO\ HYHQ
:LNLSHGLD LV OHVV DFWLYH WKDQ LW RQFH ZDV 6LPRQLWH  DQG WKHUH DSSHDU WR EH ELJJHU
SD॔HUQV DW ZRUN ZLWK VRFLDO PHGLD RQ WKH ULVH ZKLOH FHQWUDOL]HG SHHU SURGXFWLRQ VLWHV
DUH OHVV XVHG
&RXOG 3ODQHW0DWK KDYH DQ\ WHFKQLFDO RU HWKLFDO DGYDQWDJH /DQGLQL  RYHU H[LVW
LQJ WHFKQLFDO LQQRYDWLRQV OLNH:LNLSHGLD 0DVVLYH 2SHQ 2QOLQH &RXUVHV 022&V 4	$
VLWHV OLNH 6WDFN([FKDQJH DQG YLGHRV FROOHFWLRQV DQG SUREOHP VHWV OLNH WKH RQHV SURGXFHG
E\ 6DOPDQ .KDQ DQG KLV FROOHDJXHV" ,V WKHUH DOUHDG\ DQ DGHTXDWH DQVZHU WR WKH GHPDQG
∗ۢࡍHUH DUH DSSUR[LPDWHO\  PDWKHPDWLFV DUWLFOHV LQ :LNLSHGLDۣ IURP ?iiT,ff2MXrBFBT2/BX
Q`;frBFBfSQ`iH,Ji?2KiB+b
ۦ$V RI -XQH   PDWKVWDFNH[FKDQJHFRP DQG0DWK2YHUਗ਼RZ FRQWDLQ  DQG  TXHVWLRQV
UHVSHFWLYHO\
ۧ1RWH WKDW KXQGUHGV RI 3ODQHW0DWK DUWLFOHV KDYH EHHQ XVHG DV VHHG PDWHULDO IRU ZRUOGHGLWDEOH DUWLFOHV
LQ :LNLSHGLD XQGHU WKH DXVSLFHV RI WKH VRPHZKDW LQDFFXUDWHO\ QDPHG ۢ3ODQHW0DWK ([FKDQJH ۣ ?iiT,
ff2MXrBFBT2/BXQ`;frBFBfqBFBT2/B,qBFBS`QD2+inJi?2KiB+bfSHM2iJi?n1t+?M;2
i'H\DQ *LQHY SHUVRQDO FRPPXQLFDWLRQ

&KDSWHU  +LVWRULFDO %DFNJURXQG
IRU KLJKTXDOLW\ ORZFRVW JOREDOO\ DFFHVVLEOH PDWKHPDWLFV LQVWUXFWLRQ" ॡLV EULHI GLV
FXVVLRQ IRFXVHV SDUWLFXODUO\ RQ FRPSDULVRQV ZLWK .KDQ $FDGHP\
.KDQ $FDGHP\∗ IRXQGHG E\ 6DOPDQ .KDQ LQ  LV EXLOW DURXQG D FROOHFWLRQ RI
LQVWUXFWLRQDO YLGHRV KRVWHG RQ <RX7XEH ZKLFK DUH VXSSOHPHQWHG ZLWK ZRUNERRN VW\OH
H[HUFLVHV PRVWO\ IRU VFKRROOHYHO WRSLFVۦ ,W ZDV LQLWLDOO\ EHVW NQRZQ IRU PDWKHPDWLFV
FRQWHQW DOWKRXJK PRUH UHFHQWO\ LW KDV DGGHG FRQWHQW LQ D UDQJH RI RWKHU ਖ਼HOGV
.KDQ $FDGHP\ KDV KHOSHG WR SRSXODUL]H WKH ۢਗ਼LSSHG FODVVURRPۣ PRGHO LQ ZKLFK OHF
WXUHV DUH YLHZHG RXW RI FODVV DQG KRPHZRUN LV DVVLJQHG WR EH GRQH LQ FODVV .KDQ 
ॡH NH\ WKRXJKW EHKLQG WKLV PRGHO LV WKDW WHDFKHUV FDQ KHOS VWXGHQWV ZKR DUH VWUXJJOLQJ
RU XVH FODVV WLPH WR LQYLWH VWXGHQWV WR KHOS RQH DQRWKHU $GRSWLQJ D ਗ਼LSSHG FODVVURRP
PRGHO IRU JUDGXDWHOHYHO PDWKHPDWLFV ZRXOG KDYH KHOSHG DGGUHVV P\ GLVFRQWHQWV DW 87
$XVWLQ VLQFH LQFODVV GLVFXVVLRQ ZRXOG KDYH UHSODFHG QRWH WDNLQJ DV WKH QRUP
+RZHYHU .KDQ $FDGHP\ DQG PRVW FXUUHQW 022&V VWLOO KDYH D KLJKO\FHQWUDOL]HG
SURGXFWLRQPRGHO ZKHUHDV 3ODQHW0DWK۟V FRQWHQW LV HQWLUHO\ XVHUEXLOW .KDQ$FDGHP\۟V
DSSOLFDWLRQ RI WKH QRQIUHH &UHDWLYH &RPPRQV $॔ULEXWLRQ1RQ&RPPHUFLDO6KDUH$OLNH
OLFHQVH &&%\1&6$ UHਗ਼HFWV WKHLU FHQWUDOL]HG VWDQFHۧi
3ODQHW0DWK FDQ FRQWLQXH WR JURZ LQ D FRPSDUDWLYHO\ GHPDQGGULYHQ DQG SDUWLFLSD
WRU\ PDQQHU ZKLFK IDFLOLWDWHV WKH GHYHORSPHQW RI DGYDQFHG PDWHULDO DQG GHWDLOHG H[SR
VLWLRQV 7R XVH /DQGLQL۟V  WHUP 3ODQHW0DWK LV FRQVLGHUDEO\ PRUH ۢPDOOHDEOHۣ WKDQ
.KDQ $FDGHP\ DQG PRVW 022&V 3XEOLF ZLNLV SURYLGH DQRWKHU UHODWLYHO\ PDOOHDEOH DO
WHUQDWLYH ۙ EXW WKH\ DUH PRVW PDOOHDEOH DW WKH FRQWHQW OHYHO ,Q ਖ਼HOGV OLNH VRFLRORJ\ LW
PDNHV JRRG VHQVH WR LQYLWH VWXGHQWV WR DXWKRU RU HGLW HQF\FORSHGLD DUWLFOHV DV SDUW RI
WKH OHDUQLQJ SURFHVV .RQLHF]Q\  ,W LV KDUG WR LPDJLQH D PDWKHPDWLFDO FXUULFXOXP
WKDW GLG QRW IRFXV RQ SUREOHP VROYLQJ $ FXVWRPL]HG YHUVLRQ RI D PDLQVWUHDP FRQWHQW
PDQDJHPHQW V\VWHP WRJHWKHU ZLWK UREXVW VXSSRUW IRU /$7(; PDNHV 3ODQHWDU\ DW OHDVW DV
ਗ਼H[LEOH D W\SLFDO ZLNL DQG FDQ KHOS EXLOG DGGLWLRQDO ZRUNਗ਼RZV
:KLOH D FHQWUDOL]HG SURGXFWLRQ PRGHO PDNHV D JUHDW GHDO RI VHQVH IRU D UHVRXUFH ZLWK
KLJKO\ LQWHJUDWHG FRQWHQW OLNH D FRXUVH D GLVWULEXWHG SURGXFWLRQ PRGHO PDNHV PRUH
VHQVH ZKHQ EXLOGLQJ D UHVRXUFH WKDW LV UHODWLYHO\ GLVDJJUHJDWHG OLNH D 4	$ FROOHFWLRQ
3ODQHW0DWK3ODQHWDU\ DOORZV IRU ERWK GLVDJJUHJDWHG RQHR੘ TXHVWLRQV DQG DQVZHUV DQG
PRUH FRKHVLYH WH[WERRN RU FRXUVHOLNH H[SRVLWLRQ ۙ DQG LW VHHNV WR OLQN WKHVH WZR PRGHOV
WRJHWKHU $V ZLWK .KDQ $FDGHP\ WKH QHZ 3ODQHW0DWK FRQWHQW VKRXOG EH XVHIXO IRU
VHOI VWXG\ ZKLFK PD\ IDFLOLWDWH PRUH Hਜ਼FLHQW XVH RI LQSHUVRQ LQWHUDFWLRQV $QG OLNH
022&V 3ODQHW0DWK VKRXOG DOVR VLPXOWDQHRXVO\ RSHQ XS QHZ DYHQXHV IRU SHHU VXSSRUW
∗?iiT,ffrrrXF?M+/2KvXQ`;f
ۦ?iiTb,ffrrrXF?M+/2KvXQ`;f2t2`+Bb2/b?#Q`/
ۧ?iiT,ff+`2iBp2+QKKQMbXQ`;fHB+2Mb2bf#v@M+@bfभXपf
i?iiT,ff7`22/QK/27BM2/XQ`;fGB+2Mb2bfL*

i ࢌH URDG DKHDG
RQOLQH 8QOLNH WKHVH PRUH FHQWUDOL]HG PRGHOV 3ODQHW0DWK LV RULHQWHG DURXQG HQGXVHU
FRSURGXFWLRQ RI VWUXFWXUH SUHIHUULQJ DQ ۢHPHUJHQWLVWۣ DSSURDFK WR ZKDW %RXG DQG /HH
 ZRXOG FDOO WKH ۢSURYLVLRQLVWۣ DSSURDFK
,Q WKH ਖ਼UVW SODFH WKH TXHVWLRQ LV QRW ZKHWKHU WKLV DSSURDFK LV ۢEH॔HUۣ EXW ZKDW LW PD\
SRVVLEO\ EH EH॔HU IRU , ZRXOG DUJXH WKDW DQ HPHUJHQWLVW VWUDWHJ\ LV EH॔HU IRU ZRUNLQJ
ZLWK DGYDQFHG FRQWHQW 2QO\ UHODWLYHO\ ZHOOXQGHUVWRRG FRQWHQW FDQ EH GHYHORSHG OR
FDOO\ IRU DQ\ JLYHQ ORFDOH ॡLV VXJJHVWV D GHHSHU SRLQW ZKLFK GRHV LQGHHG WDNH RQ DQ
HWKLFDO GLPHQVLRQ ,Q VKRUW ZH VKRXOG HVFKHZ SURYLVLRQLVW DSSURDFKHV WR PDWKHPDWLFV
RQ WKH EDVLV RI (XFOLG۟V DVVHUWLRQ WKDW WKHUH LV QR UR\DO URDG WR JHRPHWU\ (YHQ LI ZH
PDQDJHG WR EXLOG DQ FRPSXWHU WXWRU WKDW GHOLYHUHG VXSHUE SHUVRQDOL]HG LQVWUXFWLRQ DQG
ZKLFK PDGH OHDUQLQJ ZKDW ZH FXUUHQWO\ WKLQN RI DV GLਜ਼FXOW PDWKHPDWLFV IDLUO\ HDV\
WKLV WRR VKRXOG XOWLPDWHO\ EH VXUSDVVHG ॡDW ZRXOG EH DV HYHU D ORW RI ZRUN ॡH PRVW
LPSRUWDQW LQVLJKWV ZRXOG VXUHO\ FRPH IURP WKH V\VWHP۟V XVHUV
ॡH IDFW WKDW WKH FRXUVHV DQG OHFWXUHV SURYLGHG DV SDUW RI PDLQVWUHDPPDWKHPDWLFV DUH
JRRG HQRXJK ۢIRU PRVW SHRSOHۣ LV QRW D UHDO FRXQWHUDUJXPHQW VLQFH LQ WKH ਖ਼UVW SODFH
PRVW SHRSOH KDYH QHYHU VHW IRRW LQ DQ DGYDQFHG PDWKHPDWLFV FODVVURRP DQG VHFRQGO\
ZH GRQ۟W \HW NQRZ KRZ H੘HFWLYH DQ DOWHUQDWLYH HPHUJHQWLVW DSSURDFK ZRXOG EH ([LVWLQJ
HGXFDWLRQDO UHVHDUFK VXJJHVWV WKDW LI WKH\ ZHUH DYDLODEOH SHUVRQDOL]HG WXWRULDOV ZRXOG
EH PRUH H੘HFWLYH WKDQ FODVVURRPV %ORRP  8QOHVV WKHUH ZDV FRPSHOOLQJ HYLGHQFH
WR VKRZ WKDW DQ HPHUJHQW SHHU OHDUQLQJ DSSURDFK ZDV HLWKHU LQH੘HFWLYH RU RWKHUZLVH
LPSUDFWLFDO LW VHHPV YLWDO WR JLYH LW D VHULRXV WU\ DW OHDVW RQ DQ H[SHULPHQWDO GHPRQVWD
WLRQ EDVLV∗ (PHUJHQFH KHUH GRHV QRW PHDQ DGGLQJ PRUH DQG PRUH HOHPHQWV WR D ORRVH
QHWZRUN RI DVVRFLDWLRQV DQG H[SHFWLQJ PHDQLQJ WR DSSHDU DQG QHLWKHU GRHV LW DW HQWDLO
JLYLQJ XS RQ WUDLQLQJ DV VXFK 5DWKHU LW LV D TXHVWLRQ RI HVWDEOLVKLQJ D VXLWDEOH HWKRV DV D
KLJKHURUGHU FRQVWUDLQW RQ EHKDYLRU FI 6ORWHUGLMN  SS ۙ 'HDFRQ 
2QFH WKLV LV GRQH WKH FRUUHVSRQGLQJ HWKLFDO DUJXPHQW LV QR ORQJHU QHHGHG WKH SRLQW
ZLOO KDYH EHFRPH DV PDWKHPDWLFLDQV OLNH WR VD\ REYLRXV &RRNVH\  S 
 ࢌH URDG DKHDG
$OWKRXJK LW KDV H[SHULHQFHG ERWK D ULVH DQG D IDOO 3ODQHW0DWK1R¸VSKHUH ZDV UHD
VRQDEO\ VXFFHVVIXO DV DQ RQOLQH FRPPXQLW\ WKH VR॑ZDUH VWDELOL]HG HDUO\ RQ DQG KDV
UHTXLUHG OL॔OH XSNHHS ZKLOH WKH VLWH FRQWLQXHG WR JURZ ॡH GRZQVLGH RI HDUO\ VWDEL
OL]DWLRQ LV WKDW UHODWLYHO\ IHZ QHZ IHDWXUHV ZHUH GHYHORSHG VLQFH WKH HDUO\ V ॡH
VLJQ WKDW WKHUH PLJKW EH D SUREOHP ۙ DQG VRPH XQUHDOL]HG SRWHQWLDO ۙ ZDV WKDW IHDWXUH
∗5HVHDUFK PDWKHPDWLFV DOUHDG\ KDV PDQ\ RI WKH IHDWXUHV W\SLFDO RI SHHU SURGXFWLRQ DQG WKH VWDQGDUGV
IRU RSHQQHVV LQ PRGHUQ PDWKHPDWLFV WHQG WR JR EH\RQG WKRVH LQ PDQ\ RWKHU DFDGHPLF ਖ਼HOGV )RU LQVWDQFH
$UWLFOH  RI WKH :,32 &RS\ULJKW 7UHDW\ KROGV WKDW PDWKHPDWLFDO FRQFHSWV SHU VH DUH QRW FRS\ULJKWDEOH
0DWKHPDWLFDO H[SUHVVLRQV PD\ EH IXUWKHU H[FHSWHG E\ WKH OHJDO QRWLRQ RI VFªQHV ¢ IDLUH

&KDSWHU  +LVWRULFDO %DFNJURXQG
UHTXHVWV NHSW FRPLQJ LQ ZKLOH YHU\ OL॔OH QHZ FRGH ZDV EHLQJ ZUL॔HQ∗ 'HVSLWH WKHVH
FRQFHUQV WKHUH LV VWLOO DQ DFWLYH LQWHUHVW LQ WKH SURMHFW QHDUO\ D GHFDGH DQG D KDOI D॑HU
LWV FUHDWLRQ
)LJXUH  SUHVHQWV D XVH FDVH IRU 3ODQHW0DWK WKDW LQVSLUHV WKH WHFKQLFDO ZRUN FDUULHG
RXW LQ VXSSRUW RI WKLV WKHVLV ॡH GLDJQRVWLF IHDWXUHV GHVFULEHG LQ WKH XVH FDVH ZHUH QRW
UHDOL]HG DOWKRXJK LQ OLJKW RI WKH QHZ VHPDQWLF IHDWXUHV WKDW DUH LQFOXGHG LQ 3ODQHWDU\
WKH\ PD\ QRW EH IDU R੘ &HUWDLQO\ WKH\ ZRXOG QRW UHTXLUH D PDWKHPDWLFDO ۢ'HHS %OXH ۣ
$V ZLWK ਗ਼LSSHG FODVVURRPV KDG D V\VWHP OLNH WKLV H[LVWHG LQ  , ZRXOG KDYH EHHQ
D YHU\ KDSS\ XVHU DQG FRQWULEXWRU 0\ EDVLF FRQFHUQ DW WKH WLPH ZDV FRXOGQ۟W OHDUQLQJ
PDWKHPDWLFV EH GRQH WKH VDPH ZD\ , ZDV OHDUQLQJ /,63" ॡHUH ZDV GHWDLOHG GRFXPHQ
WDWLRQ DYDLODEOH LQ (PDFV WRJHWKHU ZLWK WKH IXOO VRXUFH FRGH D 5HDG(YDO3ULQW /RRS
5(3/ IRU WU\LQJ WKLQJV RXW DQG DQ LQWHJUDWHG GHEXJJHU ,I , UDQ LQWR TXHVWLRQV WKDW ,
FRXOGQ۟W UHVROYH RQ P\ RZQ XVLQJ WKHVH UHVRXUFHV WKHUH ZHUH SXEOLF PDLOLQJ OLVWV ZLWK
SDUWLFLSDQWV ZKR ZHUH DOZD\V JODG WR KHOS PH DQG WR VXJJHVW LPSURYHPHQWV WR DQ\ QHZ
SDFNDJHV , PLJKW XSORDG $OWKRXJK PXFK UHPDLQV WR EH GRQH 3ODQHW0DWK3ODQHWDU\
VKRXOG HYHQWXDOO\ VXSSRUW WKLV VW\OH RI OHDUQLQJ LQ PDWKHPDWLFV
,QGHHG WKH UHQHZHG DFWLYLW\ LQ VR॑ZDUH GHYHORSPHQW LV EDVHG RQ D UHGHVLJQ QRW
MXVW D UHEXLOG 3ODQHW0DWK3ODQHWDU\ SXWV PRUH HPSKDVLV RQ FRQWHQW UHXVH DQG EHLQJ
XVLQJ D PDLQVWUHDP FRQWHQW PDQDJHPHQW V\VWHP PDNHV WKH V\VWHP EH॔HU VXLWHG WKDQ
1R¸VSKHUH ZDV WR VXSSRUW RQJRLQJ GHYHORSPHQW ,Q D SKLORVRSKLFDO VHQVH 3ODQHW0DWK
UHSUHVHQWV D QHZ DQG GLVWLQFW W\SH RI HQF\FORSHGLD DQG LW LV QRZ SRLVHG WR EHJLQ LWV
ਖ਼QDO DVFHQW WR WKH OLWHUDO FODVVLFDO PHDQLQJ RI ַ͗͞ͱͣͦ͟͞͝ ͕͙͓͕ͤ͘͝ ۢUHFXUUHQW LQVWUXFWLRQۣ
%HFDXVH WKH WHFKQRORJ\ WKDW VXSSRUWV WKH VLWH LV VSHFLDOSXUSRVH DQG LV QRW FRQVWUDLQHG
WR EH ۢD ZLNLۣ LW FDQ KHOSHG ]HUR LQ RQ WKH VSHFLਖ਼F VHW RI IHDWXUHV WKDW VXSSRUW FRPPRQV
EDVHG SHHU SURGXFWLRQ ۙ DQG QRZ SHHU OHDUQLQJ ۙ LQ PDWKHPDWLFV
 6XPPDU\
)URP D GHYHORSPHQW VWDQGSRLQW WKLV LV DQ FULWLFDO PRPHQW VLQFH WKHUH DUH PDWXUH
H[WHQVLEOH ZHE IUDPHZRUNV DYDLODEOH WRJHWKHU ZLWK D UHOHYDQW FROOHFWLRQ RI FRQWHQW
WRJHWKHU ZLWK D FOHDU GHPDQG IRU D QHZ DSSURDFK $V D UHVHDUFKHU WKLV LV LQWHUHVWLQJ
EHFDXVH LW D੘RUGV WKH RSSRUWXQLW\ WR H[DPLQH WHFKQRORJLFDO FKDQJH DV DQ LQVLGHU LQ WKH
SURFHVV $W WKH VDPH WLPH 3ODQHW0DWK RFFXSLHV D QRYHO SRVLWLRQ DOWKRXJK LW LV KRVW WR
YDULRXV H[DPSOHV RI PDWKHPDWLFDO SUDFWLFH LW LV VWLOO RXWVLGH RI WKH PDWKHPDWLFDO PDLQ
VWUHDP ,W LV XVHIXO DV YDQWDJH SRLQW IURP ZKLFK WR VXUYH\ DQG UHਗ਼HFW RQ PDWKHPDWLFV
DV D ZKROH
∗?iiT,ffrBFBXTHM2iKi?XQ`;f+;B@#BMfrBFBXTHf62im`2n_2[m2bib

i 6XPPDU\
3ULPDU\$FWRU $ VWXGHQW 0DGHOHLQH ZKR LV WU\LQJ WR OHDUQPXO
WLYDULDEOH FDOFXOXV
0DLQ 6XFFHVV 6FHQDULR
 0DGHOHLQH LV HQUROOHG LQ DQ DGYDQFHG FDOFXOXV FRXUVH DW XQL
YHUVLW\ 6KH OHDUQV DERXW 3ODQHW0DWK IURP KHU LQVWUXFWRU
ZKR UHFRPPHQGV LW DV D SODFH IRU H[WUD SUDFWLFH ZLWK KRPH
ZRUN SUREOHPV 0DGHOHLQH FUHDWHV DQ DFFRXQW ਖ਼OOV LQ EDVLF
SURਖ਼OH LQIRUPDWLRQ DQG VWDUWV VROYLQJ SUREOHPV WKDW WKH
V\VWHP VXSSOLHV EDVHG RQ WKH LQIRUPDWLRQ VKH DGGHG
 ॡH SUREOHPV WKDW WKH V\VWHP VXSSOLHV DUH DXWRPDWLFDOO\
OLQNHG WR UHIHUHQFH UHVRXUFHV LQ 3ODQHW0DWK۟V HQF\FORSH
GLD ॡLV H[SRVLWRU\ PDWHULDO JLYHV 0DGHOHLQH HDV\ DFFHVV
WR WKH UHOHYDQW PDWKHPDWLFDO FRQFHSWV H[DPSOHV DQG KLQWV
QHHGHG IRU VROYLQJ WKH LQFUHDVLQJO\ GLਜ਼FXOW SUDFWLFH SURE
OHPV +RZHYHU VKH HYHQWXDOO\ UXQV LQWR D SUREOHP ZKHUH
QHLWKHU WKH DXWRPDWLFDOO\ VXSSOLHG LQIRUPDWLRQ QRU KHU
FXUUHQW NQRZOHGJH RI WKH VXEMHFW LV VXਜ਼FLHQW 6KH۟V FRP
SOHWHO\ VWXFN RQ D SUREOHP KDYLQJ WR GR ZLWK ZDWHU ਗ਼RZ
LQ D SLSH 0DGHOHLQH D॔DFKHV D KHOS UHTXHVW WR WKH SURE
OHP ۢ, XQGHUVWDQG WKDW , KDYH WR XVH WKH WZR YDULDEOHV [
DQG \ WR VROYH IRU ZDWHU ਗ਼RZ EXW , GRQ۟W XQGHUVWDQG ZKDW
WKH ERXQGDU\ OLPLWV RI WKH HTXDWLRQV ZRXOG EH GR , KDYH
WR FRQYHUW LW WR SRODU FRRUGLQDWHV"ۣ
 ॡLV UHTXHVW LV QRWLFHG E\ 1DWDOLH D PDWKHPDWLFV JUDGX
DWH VWXGHQW ZKR UHJXODUO\ ORRNV DW WKH IHHG VKRZLQJ ۢUH
FHQW UHTXHVWV IRU KHOS ZLWK DGYDQFHG FDOFXOXVۣ 6KH VHHV
WKDW WKH UHIHUHQFH UHVRXUFHV OLQNHG WR 0DGHOHLQH۟V SURE
OHP DUH SUREDEO\ QRW VXਜ਼FLHQW DQG WKDW 0DGHOHLQH۟V LGHD
DERXW XVLQJ SRODU FRRUGLQDWHV ZRXOG ZRUN 1DWDOLH PDNHV
VRPH FKDQJHV WR WKH HQF\FORSHGLD LQGLFDWLQJ WKDW FRQYHUW
LQJ WR FRQYHUWLQJ WR SRODU FRRUGLQDWHV FDQ EH QHFHVVDU\ LQ
SLSH ਗ਼RZ SUREOHPV DQG VNHWFKHV DQ H[DPSOH 1DWDOLH WKHQ
FKHFNV WKDW WKLV LQIRUPDWLRQ OLQNV WR 0DGHOHLQH۟V SUREOHP
FRUUHFWO\ DQG DOHUWV 0DGHOHLQH WR WKH FKDQJHV :LWK WKLV
QHZ LQIRUPDWLRQ 0DGHOHLQH LV QRW RQO\ DEOH WR VROYH KHU
SUREOHP EXW FDQ SURFHHG ZLWK FRQਖ਼GHQFH VKH KDG WKH
ULJKW LGHD D॑HU DOO
)LJXUH  $Q H[DPSOH XVH FDVH IRU SUREOHP VROYLQJ VXSSRUW RQ 3ODQHW0DWK
&KDSWHU  +LVWRULFDO %DFNJURXQG
$OWKRXJK WKHUH DUH RWKHU SODWIRUPV WKDW SHRSOH FDQ XVH WR GLVFXVV SUREOHPV QRQH RI
WKHP FOHDUO\ SUHVHQW WKH RSSRUWXQLW\ WR PDNH VRPHWKLQJ WKDW LV EH॔HU WKDQ D WH[WERRN
IURP WKH SRLQW RI YLHZ RI OHDUQLQJ FRKHVLRQ DQG H[SRVLWLRQ &RQVLGHULQJ WKH GLਜ਼FXOW\
RI PDQDJLQJ DGYDQFHG PDWHULDO DQG SHUVRQDOL]LQJ WKH OHDUQLQJ H[SHULHQFH , PDNH WKH
FDVH IRU XVLQJ D VRPHZKDW GLVWULEXWHG SHHU SURGXFWLRQ PRGHO UDWKHU WKDQ D FHQWUDOL]HG
SURYLVLRQLVW PRGHO $OWKRXJK WKHUH DUH PDQ\ JUHDW WH[WERRNV DQG JUHDW WHDFKHUV ZH
GRQ۟W \HW NQRZ ZKHWKHU WKH FRPSXWHU RU FRPSXWHU PHGLDWHG FRPPXQLFDWLRQ FDQ GH
OLYHU FRPSDUDEOH RU FRPSOHPHQWDU\ UHVXOWV ॡH NLQG RI UHVHDUFK WKDW LV GHYHORSHG LQ
WKHVLV LV QHHGHG LQ RUGHU WR PDNH WKDW UHVHDUFK SRVVLEOH
ॡLV SURMHFW EXLOGV RQ D GHFDGH RI H[SHULHQFH ZLWK WKH 3ODQHW0DWK FRPPXQLW\ ,Q WKLV
FKDSWHU , KDYH KLJKOLJKWHG VRPH RI WKH SUREOHPDWLF DVSHFWV WKDW H[SHULHQFH , FDPH WR
WKH SURMHFW ZLWK WKH YLHZ WKDW PDWKHPDWLFV LWVHOI LV DOUHDG\ D NLQG RI VLPXODWLRQ HYHQ LI
PRVWO\ VWLOO FDUULHG RXW RQ SDSHU DQG ZLWK FKDON ۙ DQG LQGHHG DOUHDG\ D NLQG RI YLUWXDO
FRPPXQLW\ HYHQ LI PRVW RI LWV DFWLYLWLHV WDNH SODFH RੜLQH DQG LQ SHUVRQ 0\ SKLORVR
SK\ DW WKH WLPH ZDV ۢ7R VLPXODWLRQ ZH UHSO\ E\ VLPXODWLRQۣ %DXGULOODUG  S 
WKHVH GD\V LW۟V FORVHU WR ۢ:KDW LW LV LV XS WR XVۣ 5KHLQJROG  S  ॡLV DSSOLHV WR
3ODQHW0DWK FHUWDLQO\ DQG PD\ DSSO\ WR PDWKHPDWLFV PRUH EURDGO\ LI ZH۟UH ZLOOLQJ WR
WDFNOH VRPH SUREOHPV WKDW DUHQ۟W GUDZQ IURP ਖ਼OLQJ FDELQHWV 'HOHX]H  S  7R
VXSSOHPHQW P\ SDUWLFLSDQW REVHUYHU SHUVSHFWLYH RQ WKHVH PD॔HUV ,۟YH SUHVHQWHG VRPH
ਖ਼JXUHV RQ SDUWLFLSDWLRQ GUDZQ IURP WKH 3ODQHW0DWK GDWDEDVH ZKLFK FRQਖ਼UP WKH QHHG
IRU D FKDQJH LQ GLUHFWLRQ LI WKH 3ODQHW0DWK SURMHFW LV WR FRQWLQXH LQ DQ DFWLYH IRUP

 ࢌHRUHWLFDO %DFNJURXQG
ࢌHRULHV RI SHGDJRJ\ FDQ KHOS XV ڛJHW WR WKH URRW RI FRQGLWLRQLQJ WKURXJK SUDFWLV
LQJ UHSHWLWLRQVڜ 6ORWHUGLMN  S  ڒ EXW WKH\ IDLO WR PRGHO WKH SURGXFWLYH
H[SOLFDWLQJ ZD\ LQ ZKLFK OHDUQLQJ XQIROGV LQ RQOLQH SHHU SURGXFWLRQ FRPPXQL
WLHV ࢌHVH IHDWXUHV DUH EHWWHU GHVFULEHG ZLWK WKH QHZROG ZRUG SDUDJRJ\ IURP
ȾȯȿȯȱɇȱȬ SURGXFWLRQ
 3DUDJRJ\
ॡH WHUP SDUDJRJ\ OLWHUDOO\ ۢSDUDۣ DORQJVLGH ۢJRJ\ۣ OHDGLQJ LV XVHG KHUH WR FKDU
DFWHUL]H WKH FULWLFDO VWXG\ DQG SUDFWLFH RI SHHU SURGXFHG SHHU OHDUQLQJ DGDSWLQJ WKH FODV
VLFDO FRQFHSW RI SHGDJRJ\ DQG WKH UHODWLYHO\ UHFHQW QRWLRQ RI DQGUDJRJ\ .QRZOHV 
WR D SHHU OHDUQLQJ FRQWH[W ॡH QHHG IRU D WKHRU\ RI WKLV QDWXUH ZDV DUWLFXODWHG LQ GL
DORJ DQG FROODERUDWLYH UHVHDUFK ZLWK &KDUOHV -H੘UH\ 'DQR੘ &RUQHOL 	 'DQR੘ ३
४ +DYLQJ ਖ਼UVW PHW LQ SHUVRQ DW :LNLPDQLD  DQG WKHQ DJDLQ RQOLQH DW 338
ZKHUH ZH ZHUH SUHSDULQJ WR EHFRPH FRXUVH IDFLOLWDWRUV ZH DJUHHG WR HQUROO LQ RQH DQ
RWKHU۟V ਖ਼UVW URXQG RI FRXUVHV DQG VKDUH IHHGEDFN 338 DLPV WR SURYLGH D VRFLDO OD\HU
WKDW LV QRW VXSSOLHG E\ GHIDXOW ZLWK 2SHQ (GXFDWLRQDO 5HVRXUFHV∗ DQG RXU DJUHHPHQW
SUHVHQWHG XV ZLWK DQRWKHU VPDOO VFDOH VRFLDO FRQWH[W ZLWKLQ 338 3DUDJRJ\ ZDV GHYHO
RSHG LQ 'DQR৓۟V &ROODERUDWLYH /HVVRQ 3ODQQLQJ FRXUVH DV ZH WULHG WR XQGHUVWDQG ZK\
P\ ',< 0DWK FRXUVH KDG JRQH VR EDGO\ VHH $SSHQGL[ $ IRU WKH FRXUVH GHVFULSWLRQ DQG
SRVW PRUWHP :H XVHG SDUDJRJ\ WR H[DPLQH D UDQJH RI FRXUVHV DQG VXSSRUW H[SHUL
HQFHV DW 338 $॑HU GHVFULELQJ WKLV DQDO\VLV WKH FKDSWHU FRQFOXGHV ZLWK D GLVFXVVLRQ RI
SDUDJRJ\ DV D XQLਖ਼HG SHUVSHFWLYH RQ LQGLYLGXDO DQG FRQWH[WXDO FKDQJH
∗?iiT,ffrrrXb?miiH2rQ`i?7QmM/iBQMXQ`;fT`QD2+ibfTबTmf

&KDSWHU  ࢌHRUHWLFDO %DFNJURXQG
',< 0DWK
'XULQJ$XWXPQ RI  , PDGH D EULHI DQG IDLUO\ QDLYH H੘RUW WR UXQ D GLVFXVVLRQEDVHG
RQOLQH PDWKHPDWLFV FRXUVH DW 338 FDOOHG ۢ',< 0DWK ۣ ZLWK WKH KRSH WKDW SDUWLFLSDQWV
ZRXOG VHOIRUJDQL]H D VXLWDEOH SHHUOHDUQLQJ VWUXFWXUH 0\ PRWLYDWLRQ IRU UXQQLQJ WKH
FRXUVH ZDV SDUWO\ WR H[SHULPHQW ZLWK SHHU OHDUQLQJ DQG VHOIRUJDQL]LQJ VWUXFWXUHV LQ
PDWKHPDWLFV $W WKH VDPH WLPH , ZDV DOVR LQWHUHVWHG LQ H[SORULQJ SRVVLEOH RUJDQL]DWLRQDO
FRQQHFWLRQV ZLWK 338 ZKHUH , KRSHG 3ODQHW0DWK PLJKW HYHQWXDOO\ FRPH WR SOD\ WKH
UROH RI D PDWKHPDWLFV GHSDUWPHQW 7DEOH  GUDZLQJ RQ D EURDGHU GLVFXVVLRQ RI UROHV LQ
HGXFDWLRQ IURP &RUQHOL 	 0LNUR\DQQLGLV  DSSOLHV D IUDPHZRUN IURP .HQ :LOEHU
 WR VXPPDUL]H WKH RYHUDOO SLFWXUH
:KHQ ',< 0DWK DFWXDOO\ UDQ SDUWLFLSDQWV TXLFNO\ ORVW LQWHUHVW DQG DOO SDUWLFLSDWLRQ
VWRSSHG D॑HU WZR ZHHNV∗ $OWKRXJK WKLV ZDV FOHDUO\ D IDLOHG H[SHULPHQW IURP D WHDFKLQJ
SHUVSHFWLYH LW LV DFWXDOO\ TXLWH XVHIXO DV D EDVHOLQH UHDGLQJ IRU WKH EURDGHU SURMHFW RI
XQGHUVWDQGLQJ SHHU SURGXFHG SHHU OHDUQLQJ ॡH H[SHULPHQW VKRZV ZKDW KDSSHQV LQ D
OHDUQLQJ SURMHFW ZKHUH WKHUH LV HVVHQWLDOO\ QR VWUXFWXUH SURYLGHG DW WKH RXWVHW
ॡH UDSLG IDLOXUH RI ',< 0DWK SURYRNHG D FHUWDLQ DPRXQW RI VHOIFULWLFLVP EXW LW DOVR
OHG PH WR DVN WKH IROORZLQJ FULWLFDO TXHVWLRQV DERXW WKH OHDUQLQJ FRQWH[W DW 338
ۨ :KDW LI 338 ZDV WDNLQJ DQ RQJRLQJ VXUYH\ RI WKH ڨZLVKHG IRUک FRXUVH WRSLFV" ॡHQ
D IXWXUH FRXUVH RUJDQL]HU ZRXOG EH DEOH WR FUHDWH FRXUVHV VSHFLਖ਼FDOO\ WDLORUHG WR
WKH LQWHUHVWV RI VHOIVHOHFWHG SDUWLFLSDQWV
ۨ :KDW LI HYHU\ SDUWLFLSDQW VSHFLडHG WKHLU OHYHO RI FRPPLWPHQW LQ DGYDQFH" %XLOGLQJ
D ۢFRQWUDFWۣ ZLWK WKH IDFLOLWDWRU ۙ DQG ZLWK WKH FRPPXQLW\ ۙ ZRXOG KHOS HQVXUH
WKDW SHRSOH ZRXOG EH PDNH DSSURSULDWH FRPPLWPHQWV DQG NHHS WKHP
ۨ :KDW LI IDFLOLWDWRUV WKHPVHOYHV JRW PRUH FRDFKLQJ DQG SHHU VXSSRUW" 2QJRLQJ GLVFXV
VLRQV LQ WKH 338 FRPPXQLW\ PDLOLQJ OLVW KHOSHG D OL॔OH EXW QRW HQRXJK ॠDOLW\
FRQWURO ZDV VDFULਖ਼FHG WR IUHH H[SHULPHQWDWLRQ +RZHYHU LW ZDV QRW HQWLUHO\ FOHDU
KRZ D VKDUHG NQRZOHGJH EDVH DERXW ۢZKDW ZRUNVۣ ZRXOG GHYHORS RXW RI WKH LQGL
YLGXDO H[SHULPHQWV
0RUH WKDQ WKH EDUHPLQLPXP VWUXFWXUH ZLOO EH QHHGHG IRU SHHU OHDUQLQJ LQ PDWKHPDW
LFV WR VXFFHHG ॡH QH[W WHUP D॑HU SROOLQJ SHRSOH DERXW WKHLU LQWHUHVWV , UDQ D VHFRQG
PRUH WUDGLWLRQDOO\ VWUXFWXUHG DQG IRFXVHG FRXUVH ۢ0DWK IRU *DPH 'HVLJQHUVۣ ZLWK D
GHWDLOHG V\OODEXV SUHSDUHG LQ DGYDQFH DQG WKLV FRXUVH GLG QRW JR PXFK EH॔HU LQ WHUPV
RI VWXGHQW SDUWLFLSDWLRQ WKDQ ',< 0DWK $JDLQ WKLV VXJJHVWV WKDW LW LV QRW VLPSO\ PRUH
VWUXFWXUH EXW WKH ULJKW VWUXFWXUH WKDW LV QHHGHG
∗?iiTb,ff;`QmTbX;QQ;H2X+QKf/fKb;f/Bv@Ki?fsलm*qu_6xoZf++G*hq1upQC

i 3DUDJRJ\
$Q шLGHDOщ SDUWLFLSDQW LQ WKH ',< 0DWK FRXUVH
, VD\ ZKDW , ZDQW WR VWXG\
:H WDON DERXW GLਜ਼FXOWLHV DQG VXFFHVVHV
,WV GLVFXVVLRQV RQ D VKDUHG PDLOLQJ OLVW
,W KHOSV PH OHDUQ PDWKHPDWLFV DQG LPSURYH P\ VNLOOV DW EHLQJ
D VHOIGLUHFWHG DQG SHHUWRSHHU OHDUQHU
$ 338 FRXUVH IDFLOLWDWRU
, FRPH XSZLWK D FRXUVH ,۟G OLNH WR IDFLOLWDWH DQG WKHQ IDFLOLWDWH
LW
:H GLVFXVV LGHDV DERXW KRZ RXU FRXUVHV PLJKW ZRUN DQG ZKDW
ۢIDFLOLWDWLRQۣ PHDQV HJ DV RSSRVHG WR ۢWHDFKLQJۣ
,WV GLVFXVVLRQV RQ D FRPPXQLW\ PDLOLQJ OLVW DQG RWKHU VH॔LQJV
LQFOXGLQJ GLVFXVVLRQV ZLWK SDUWLFLSDQWV LQ WKH FRXUVH DV LW
UXQV
,W KHOSV PH LPSURYH P\ VNLOOV DW D FRXUVH GHVLJQHU DQG IDFLOL
WDWRU DQG LW۟V IXQ WDONLQJ DERXW DQG SUDFWLFLQJ WKLV VWX੘
$Q D SRVWHULRUL SLFWXUH RI D ',< 0DWK SDUWLFLSDQW
, WU\ WR ਖ਼JXUH RXW ZKDW WR VWXG\
:H VRPHWLPHV JLYH RU JHW DGYLFH WKDW LVQ۟W DOZD\V VR KHOSIXO
DQG PRVW RI LW LVQ۟W IRU PH DQ\ZD\
,WV D EXQFK RI JRRG LQWHQWLRQV WKDW OHDG QRZKHUH
,W FRQਖ਼UPV P\ VHQVH RI WKH GLਜ਼FXOW\ RI OHDUQLQJ DQ\WKLQJ LQ
D VHOIGLUHFWHG IDVKLRQ DQG WKH GLਜ਼FXOW\ RI PDWKHPDWLFV LQ
SDUWLFXODU
7DEOH  5ROHV VXUURXQGLQJ WKH ',< 0DWK FRXUVH DW 338
3DUDJRJ\ SULQFLSOHV
, GHYLVHG DQG VKDUHG ਖ਼YH ۢSDUDJRJLFDO SULQFLSOHVۣ ZLWK 'DQR৓۟V &ROODERUDWLYH /HVVRQ
3ODQQLQJ FRXUVH ZKHUH WKH\ ZHUH MRLQWO\ UHYLVHG , FKRVH DQGUDJRJ\ .QRZOHV 
DV D VWDUWLQJ SRLQW IRU DGDSWDWLRQ NQRZLQJ WKDW VLQFH DQGUDJRJ\ LV D WKHRU\ RI DGXOW
HGXFDWLRQ DQG WKH DLP ZDV D QHZ WKHRU\ RI SHHU OHDUQLQJ VHULRXV DOWHUDWLRQV ZRXOG QHHG
WR EHPDGH , PDGH XVH RI /DXULH %ORQG\۟V  FULWLTXH ZKLFK VKRZV WKDW WKH IROORZLQJ
PDMRU DVVXPSWLRQV RI DQGUDJRJ\ R॑HQ IDLO LQ RQOLQH PHGLDWHG OHDUQLQJ DSSOLFDWLRQV
 ࢌDW DGXOW OHDUQHUV DUH VHOIGLUHFWHG
 ࢌDW WKH\ EULQJ D ZHDOWK RI H[SHULHQFH WR WKH HGXFDWLRQDO VHWWLQJ
 ࢌDW WKH\ HQWHU HGXFDWLRQDO VHWWLQJV UHDG\ WR OHDUQ
 ࢌDW WKH\ DUH SUREOHPFHQWHUHG LQ WKHLU OHDUQLQJ
 ࢌDW WKH\ DUH EHVW PRWLYDWHG E\ LQWHUQDO IDFWRUV

&KDSWHU  ࢌHRUHWLFDO %DFNJURXQG
$ SDUDJRJLFDO YLHZ DGPLWV D PL[WXUH RI VHOIGLUHFWHG RWKHUGLUHFWHG GHSHQGHQW DQG
LQGHSHQGHQW EHKDYLRUV ZLWKRXW VD\LQJ WKDW DQ\ RI WKLV LV JRRG RU EDG ,W VXJJHVWV WKDW
D SDUWLFXODU VRUW RI VHOIFRQFHSW PD\ EH OHVV LPSRUWDQW WKDQ D UREXVW FRQFHSW RI ۢVKDUHG
FRQWH[W LQPRWLRQۣ ZKLFK FRQVWUDLQV EXW LV DOVR VKDSHG E\ EHKDYLRU DV SHU .LWDUR 1LVKLGD
FI $EH  ,W HPSKDVL]HV VRFLDO LQWHOOLJHQFH RYHU VRFDOOHG ۢPHQWDO DJHۣ DQG IRFXVHV
RQ VRFLDO G\QDPLFV UDWKHU WKDQ LQGLYLGXDOV∗
$ SDUDJRJLFDO YLHZ VD\V WKDW ZKDWHYHU RXU SDVW H[SHULHQFHV PD\ EH ZH KDYH D ORW WR
OHDUQ DERXW OHDUQLQJ ,Q RUGHU WR VKRZ ZK\ LW LV DJDLQ KHOSIXO WR WUDQVODWH WKH NH\ WHUP
ۢ́͐͛ͧͦ͜͝ PHDQV OHDUQLQJ ͕͕͕͒ͨ͜͠͠ ZKDW LV OHDUQDEOHۣ +HLGHJJHU  2Q WKH VWURQJ
HW\PRORJLFDO YLHZ PDWKHPDWLFV LV WKH VWXG\ RI WKLQJV LQVRIDU DV WKH\ DUH OHDUQDEOH DQG
ZKDW PDNHV VRPHWKLQJ OHDUQDEOH LV H[DFWO\ ZKDW PDNHV LW PDWKHPDWLFDO )RU +HLGHJJHU
WKLV LV WKH D[LRPDWLF 'HOHX]H XVHV D UHODWHG EXW OHVV ORJLVWLF FRQFHSWLRQ WKH SUREOHPDWLF
ۢ/HDUQLQJ LV WKH DSSURSULDWH QDPH IRU WKH VXEMHFWLYH DFWV FDUULHG RXW ZKHQ RQH LV FRQIURQWHG
ZLWK WKH REMHFWLFLW\ RI D SUREOHPۣ 'HOHX]H  S  SUREOHPV DUH WKHPVHOYHV FRQVWL
WXWHG LQ D VXSSOH DQG DOZD\V ۢPHWDPDWKHPDWLFDOۣ GLDOHFWLF XQGHUVWRRG WR EH ۢD V\VWHP
RI GLठHUHQWLDO UHODWLRQV EHWZHHQ JHQHWLF HOHPHQWVۣ 'HOHX]H  SS  
$W WKH VDPH WLPH IURP D SDUDJRJLFDO SHUVSHFWLYH OHDUQLQJ LV QRW DQ DXWRPDWLF GHIDXOW
LW LV D VSHFLਖ਼F VRUW RI KLJKO\ FRQGLWLRQHG VLGHH੘HFW 2QH PD\ EH VWXFN LQ D UXW $ SHHU
VKRXOG QRW EH FRQFHSWXDOL]HG DV VRPHRQH ZKR LV VWXFN LQ WKH VDPH UXW 5DWKHU SHRSOH
ZKR OHDUQ WRJHWKHU RU IURP RQH DQRWKHU ZKR KHOS RQH DQRWKHU JHW D EH॔HU JUDVS RI WKH
ZRUOG DUH XQGHUVWRRG WR EH ۢSHHUVۣ
ॡH SDUDJRJXH R॑HQ KDV DQ DSSOLFDWLRQ LQ PLQG EXW OHDUQLQJ ۢDOZD\V WDNHV SODFH LQ
DQG WKURXJK WKH XQFRQVFLRXVۣ 'HOHX]H  S  DQG RQH SUREOHP OHDGV WR RWKHUV
ۢ/HDUQLQJ WR VZLP RU OHDUQLQJ D IRUHLJQ ODQJXDJH >    @ WHDUV XV DSDUW EXW DOVR SURSHOV XV
LQWR D KLWKHUWR XQNQRZQ DQG XQKHDUGRI ZRUOG RI SUREOHPVۣ 'HOHX]H  S 
)LQDOO\ UHDOL]LQJ D PRWLYDWLRQ VHHPV DW OHDVW DV LPSRUWDQW DV LWV H[LVWHQFH LQ WKH ਖ਼UVW
SODFH 0HUHO\ LQGLFDWLQJ WKDW D JLYHQ PRWLYDWLRQ LV ۢLQWHUQDOۣ RU ۢH[WHUQDOۣ LV QRW SDU
WLFXODUO\ LQFLVLYH 0RUH FDQ EH OHDUQHG E\ UHDOL]LQJ PRWLYDWLRQV ZKHUH WKLV LV SRVVLEOH
WKHQ JRLQJ RQ WR WKH QH[W WKLQJ
$SUªV DQGUDJRJ\ WKHQ WKHVH DUH WKH ਖ਼YH SDUDJRJLFDO SULQFLSOHV
 &KDQJLQJ FRQWH[W DV D GHFHQWHUHG FHQWHU
 0HWDOHDUQLQJ DV D IRQW RI NQRZOHGJH
 3HHUV SURYLGH IHHGEDFN WKDW ZRXOGQژW EH WKHUH RWKHUZLVH
 /HDUQLQJ LV GLVWULEXWHG DQG QRQOLQHDU
 5HDOL]H WKH GUHDP LI \RX FDQ WKHQ ZDNH XS
∗&I (XJHQH 0DWXVRY >i S @

i 3DUDJRJ\
,W VKRXOG EH HOXFLGDWLQJ WR PHQWLRQ VWUDLJKW DZD\ WKDW WKH QHZ ਖ਼YHSRLQW IUDPHZRUN
FDQ EH XQGHUVWRRG DV DQ H[WHQVLRQ RI ۢ,:H,WV,Wۣ IURP WKH SUHYLRXV VHFWLRQ ,Q WKHVH
WHUPV WKH IUDPHZRUN DPRXQWV WR ۢ&RQWH[W,:H,WV,W ۣ :KHUHDV DQGUDJRJ\ GHDOV ZLWK
ZKDW 0DQXHO 'H/DQGD ZRXOG FDOO ۢWHQGHQFLHVۣ SDUDJRJ\ GHDOV ZLWK ۙ QHFHVVDULO\ FRQ
WH[WXDO ۙ ۢFDSDFLWLHVۣ
:KLOH WHQGHQFLHV PDNH D OLVW RI HVVHQWLDO SURSHUWLHV ORRN IDOVHO\ SHUPDQHQW FDSDFLWLHV
H[SORGH LW VLQFH IRU D JLYHQ ZKROH LW ZRXOG EH LPSRVVLEOH WR OLVW DOO WKH GLठHUHQW ZD\V
LQ ZKLFK LW FDQ DठHFW DQG EH DठHFWHG E\ LQQXPHUDEOH RWKHU ZKROHV
'H/DQGD  S 
1RQDND DQG 7DNHXFKL  GUHZ RQ 1LVKLGD۟V WKLQNLQJ WR EXLOG WKH 6(&, PRGHO
RI NQRZOHGJH SURGXFWLRQ∗ ॡLV PRGHO KDV FORVH SDUDOOHOV ZLWK .HQ :LOEHU۟V 
ۢ,:H,WV,W ۣ ,W LV FXULRXV WKDW QHLWKHU RI WKHVH IUDPHZRUNV PDNHV DQ H[SOLFLW SODFH IRU
FRQWH[W DOWKRXJK 1RQDND DQG 7DNHXFKL ZRXOG OLNHO\ DJUHH ZLWK *UHJRU\ %DWHVRQ WKDW
WKH NH\ SRLQW LV WKDW ۢ>L@W LV WKH FRQWH[W ZKLFK HYROYHVۣ %DWHVRQ  S  ,Q D PRUH
GHWDLOHG LQWHUSUHWDWLRQ ۢ&RQWH[Wۣ FRXOG EH GHFRPSRVHG LQWR QHVWHG RYHUODSSLQJ RU DG
MDFHQW FRQWH[WV &RQWH[W WKRXJKW RI DV DQ ۢHQYLURQPHQWۣ SOD\V DQ LPSRUWDQW UROH LQ
FRQVWUXFWLYLVW WKLQNLQJ DQG OHDUQLQJ GHVLJQ
ࡍLQNLQJ RI LQVWUXFWLRQ DV DQ HQYLURQPHQW JLYHV HPSKDVLV WR WKH ڤSODFHڥ RU ڤVSDFHڥ ZKHUH
OHDUQLQJ RFFXUV $W D PLQLPXP D OHDUQLQJ HQYLURQPHQW FRQWDLQV  WKH OHDUQHU 
D ڤVHࡉLQJڥ RU D ڤVSDFHڥ ZKHUHLQ WKH OHDUQHU DFWV XVLQJ WRROV DQG GHYLFHV FROOHFWLQJ DQG
LQWHUSUHWLQJ LQIRUPDWLRQ LQWHUDFWLQJ SHUKDSV ZLWK RWKHUV HWF
:LOVRQ  S 
$JDLQ LQ WKH SDUDJRJLFDO YLHZ WKH HQYLURQPHQW LV QRW WKRXJKW RI DV VLPSO\ ۢJLYHQۣ
,QWHUDFWLRQV REVHUYHG LQ FRPSOH[ HFRV\VWHPV QHHG QRW EH UHJDUGHG DV H[SUHVVLQJ VHOI
RUJDQL]LQJ SURSHUWLHV RI WKH V\VWHPV WKHPVHOYHV LQVWHDG WKH\ FDQ EH XQGHUVWRRG DV WKH
FRQVHTXHQFHV RI WKH YDULRXV DQG YDULDEOH DGDSWLYH VWUDWHJLHV RI LQGLYLGXDO RUJDQLVPV
OLYLQJ WRJHWKHU LQ UHVWULFWHG VSDFHV 9D\GD 	 0F&D\ 
$QGUHZ 9D\GD DQG %RQQLH 0F&D\ SRVLWLRQ DGDSWLYLW\ ZLWKLQ D ۢQHR'DUZLQLDQ VHOHFWLRQ
WKHRU\ۣ LQ ZKLFK OLIH LV VXEMHFW WR YDULRXV ۢKD]DUGVۣ
,PSRUWDQW KHUH LV WKH QRWLRQ RI SURFHVV RI UHVSRQVH LQFOXGLQJ SURFHVVHV ZKHUHE\ WKH
XQLW RI DFWLRQ PD\ VKLࡆ IURP LQGLYLGXDOV WR YDULRXV IRUPV DQG GHJUHHV RI LQFOXVLYH
QHVV RI JURXSV DQG SHUKDSV EDFN WR LQGLYLGXDOV LQ DFFRUG ZLWK WKH PDJQLWXGH SHUVLV
WHQFH DQG RWKHU FKDUDFWHULVWLFV RI WKH KD]DUGV LQ TXHVWLRQ
9D\GD 	 0F&D\  RULJLQDO HPSKDVLV
∗6(&, VWDQGV IRU 6RFLDOL]DWLRQ([WHUQDOL]DWLRQ&RPELQDWLRQ,QWHUQDOL]DWLRQ

&KDSWHU  ࢌHRUHWLFDO %DFNJURXQG
ॡH QRWLRQ RI SURFHVV XQGHUVFRUHV WR WKH FULWLFDO LPSRUWDQFH RI D FRQWH[W LQ ZKLFK WKDW
SURFHVV FDQ XQIROG∗
:LWKLQ WKH ਖ਼HOG RI HGXFDWLRQ 0DUOHQH 6FDUGDPDOLD۟V QRWLRQ RI ۢFROOHFWLYH FRJQLWLYH
UHVSRQVLELOLW\ۣ 6FDUGDPDOLD  LV V\PSDWKHWLF DOWKRXJK LW UHPDLQV EDVLFDOO\ SURYL
VLRQLVW +HU FODLP LV WKDW LQ WKH VWDQGDUG FODVVURRP PRGHO ۢDOO WKH KLJKHUOHYHO FRQWURO
RI WKH GLVFRXUVH LV H[HUFLVHG E\ WKH WHDFKHUۣ 6WXGHQWV DUH ۢUHDFWLYHۣ DQG ۢUHFHSWLYHۣ WKHLU
ZRUN IRFXVHG RQ ۢWDVNV DQG DFWLYLWLHVۣ 6PDOO JURXSV DQG GHFHQWUDOL]HG FRQVWUXFWLYH
FRPSXWHU PHGLDWHG FRPPXQLFDWLRQ DUH VHHQ DV WZR SRVVLEOH DOWHUQDWLYHV WKDW ۢWXUQ PRUH
UHVSRQVLELOLW\ RYHU WR WKH VWXGHQWVۣ
 338 $Q ڛ$ࢆHU $FWLRQ 5HYLHZڜ
ॡH SDUDJRJ\ SULQFLSOHV DUH LQWHQGHG WR VHUYH DV JXLGHOLQHV IRU EXLOGLQJ VXFFHVVIXO
SHHU OHDUQLQJ H[SHULHQFHV &RUQHOL DQG 'DQR੘ ३ ORRNHG DW KRZ HDFK RI SULQFLSOHV
ZDV RU ZDV QRW LPSOHPHQWHG DW 338 $ VXPPDU\ RI WKLV DQDO\VLV LV SUHVHQWHG EHORZ
,Q DGGLWLRQ WR WKH SDUDJRJ\ SULQFLSOHV WKH 86 $UP\۟V  $॑HU $FWLRQ 5HYLHZ $$5
SURYLGHG WKH EDVLF WHFKQRORJ\ IRU GRLQJ SDUDJRJ\ ॡH $$5۟V LQWHQGHG SXUSRVH LV WR
ۢLGHQWLI\ VWUHQJWKV DQG VKRUWFRPLQJV LQ XQLW SODQQLQJ SUHSDUDWLRQ DQG H[HFXWLRQ DQG
JXLGH OHDGHUV WR DFFHSW UHVSRQVLELOLW\ IRU VKRUWFRPLQJV DQG SURGXFH D ड[ۣ ,W SODFHV PXFK
PRUH HPSKDVLV RQ OHDUQLQJ DW WKH JURXS OHYHO WKDQ WKH FRUUHVSRQGLQJ EDVLF WHFKQRORJ\ RI
DQGUDJRJ\ GHVFULEHG LQ &DUOVRQ  $OWKRXJK WKH FRQWH[W RI DSSOLFDWLRQ LV GL੘HUHQW
WKHUH DUH SDUDOOHOV EHWZHHQ WKH $$5 DQG WKH $FWLRQ 5HVHDUFK F\FOH FI &DUU 	 .HPPLV
 /DZOHU  ॡH IRXU VWHSV LQ WKH $$5 DUH
 5HYLHZ ZKDW ZDV VXSSRVHG WR KDSSHQ WUDLQLQJ SODQV
 (VWDEOLVK ZKDW KDSSHQHG
 'HWHUPLQH ZKDW ZDV ULJKW RU ZURQJ ZLWK ZKDW KDSSHQHG
 'HWHUPLQH KRZ WKH WDVN VKRXOG EH GRQH GLठHUHQWO\ WKH QH[W WLPH
86 $UP\ 
&KDQJLQJ FRQWH[W DV D GHFHQWHUHG FHQWHU 0DSSLQJ V\VWHPG\QDPLFV DQG VHPDQ
WLFV :H RUJDQL]HG PXOWLSOH FRXUVHV ZKHUH SDUWLFLSDQWV ZHUH VXSSRVHG WR LQWHUDFW DQG
OHDUQ DERXW WKH VXEMHFW PD॔HU &ROODERUDWLYH /HVVRQ 3ODQQLQJ )DOO  DQG :LQWHU 
FRRUJDQL]HG E\ &KDUOHV -H੘UH\ 'DQR੘ DQG 'U 0DMRULH .LQJ ',<0DWK )DOO  DQG
0DWK IRU *DPH 'HVLJQHUV :LQWHU  E\ -RVHSK &RUQHOL 2SHQ *RYHUQDQFH DQG /HDUQ
LQJ FRRUJDQL]HG E\ &RUQHOL DQG 0DULVD 3RQWL DQG LQ 6SULQJ  6KDSLQJ 338 ۦ
ZKLFK ZDV DQ ۢLQWHUYHQWLRQۣ EDVHG RQ D SUHOLPLQDU\ YHUVLRQ RI WKH SDUDJRJLFDO HYDOX
DWLRQ SUHVHQWHG KHUH 'XH WR FULWLFDOO\ ORZ SDUWLFLSDWLRQ WKH PDWKHPDWLFV FRXUVHV GLG
∗&I (XJHQH 0DWXVRY >i S @ DQG 7LP ,QJROG >i S @
ۦ?iiT,ffM2rXTबTmXQ`;f2Mf;`QmTbfTबTm@i?2@+Qm`b2f

i 338 $Q ڛ$ࢆHU $FWLRQ 5HYLHZڜ
QRW UXQ WR FRPSOHWLRQ 3DUWLFLSDWLRQ LQ &ROODERUDWLYH /HVVRQ 3ODQQLQJ DQG LQ 2SHQ *RY
HUQDQFH DQG /HDUQLQJ ZDV PLQLPDO EXW VXਜ਼FLHQW IRU D FRQYHUVDWLRQ WR EH VXVWDLQHG IRU
WKH HQWLUH  ZHHN VHVVLRQ ॡH WKHRU\ RI SDUDJRJ\ ZDV ERUQ LQ WKHVH GLVFXVVLRQV 0RUH
WKDQ  SHRSOH VLJQHG XS IRU 6KDSLQJ 338 EXW SDUWLFLSDWLRQ ZDV YHU\ ORZ ॡHVH H[SH
ULHQFHV ZHUH W\SLFDO SDUWLFLSDWLRQ ZLWKLQ FRXUVHV ZDV JOREDOO\ XQHYHQ DQG IDOOLQJ RYHU
WLPH 2XU EHVW H[SHULHQFHV DV FRXUVH RUJDQL]HUV KDSSHQHG ZKHQ ZH ZHUH FRPPL॔HG WR
ZRUNLQJ WKURXJK WKH PDWHULDO RXUVHOYHV &RPELQLQJ IDFLOLWDWRU GHGLFDWLRQ ZLWK JHQWOH
SURPSWV WR SDUWLFLSDQWV WR IROORZ WKURXJK RQ WKHLU FRPPLWPHQWV FRXOG JR D ORQJ ZD\ WR
ZDUGV NHHSLQJ HQJDJHPHQW DW D UHDVRQDEOH OHYHO EXW WKLV RQO\ZRUNVZKHQ FRPPLWPHQWV
DUH VRPHZKDW FOHDU LQ WKH ਖ਼UVW SODFH ॡH FDVH RI 6KDSLQJ 338 VKRZV WKDW RUJDQL]HU
FRPPLWPHQW LV QRW HQRXJK ॡH 338 HFRORJ\ FRQWDLQV DQ LPSOLFLW UXEULF IRU OHDUQLQJ
DQG HQJDJHPHQW IURP WKH WLPH D PHPEHU VLJQV XS IRU D FRXUVH WR LWV FRPSOHWLRQ SHHUV
JR WKURXJK D F\FOH∗ 338 FRXOG LPSOHPHQW PRUH IRUPDO FKHFN SRLQWV WKURXJKRXW WKH
F\FOH UHTXLULQJ SDUWLFLSDQWV WR VSHFLI\ UHDਜ਼UP RU DGDSW WKHLU FRPPLWPHQWV LQ UHODWLRQ
VKLS WR MXGJPHQWV DERXW TXDOLW\ ॡH $$5 FRXOG EH XVHIXO LQ WKLV UHJDUG
0HWDOHDUQLQJ DV D IRQW RI NQRZOHGJH 7UDQVSDUHQF\ DFFRXQWDELOLW\ DQG WRQH
6XSSRUW IRU IDFLOLWDWRUV ZDV R੘HUHG DV D 338 FRXUVH &RXUVH 'HVLJQ 2ULHQWDWLRQ LQ
PDLOLQJ OLVWV YLD ZHHNO\ SKRQH FDOOV LQ D 4	$ LVVXH WUDFNHU DQG YLD RWKHU LQIRUPDO
FKDQQHOV 3DUWLFLSDQWV LQ FRXUVHV ZHUH SUHVXPHG WR EH UHDG\ DQG ZLOOLQJ WR FRQWULEXWH
LQ D XVHIXO IDVKLRQ ॡH FRUH PHPEHUV RI 338 DUH GRLQJ D ORW RI ZRUN DQG WKH SURMHFW
LV PRYLQJ IRUZDUG ZLWK JUDQW IXQGLQJ LQFRUSRUDWLRQ DQG VHYHUDO QHZ VWD੘ SRVLWLRQV
+RZHYHU DSDUW IURP FRQWUDFWXDO DJUHHPHQWV ZLWKLQ WKH QRQSURਖ਼W DQG EDVLF VWDQGDUGV
IRU HWLTXH॔H SDUWLFLSDQWV KDYH OL॔OH RU QR DFFRXQWDELOLW\ WR RQH DQRWKHU ॡH 338 JRY
HUQDQFH PRGHO ZDV VDLG WR EH EDVHG RQ ۢURXJK FRQVHQVXVۣ D॑HU 0,7 SURIHVVRU 'DYLG
&ODUN۟V GHVFULSWLRQ RI WKH ,QWHUQHW (QJLQHHULQJ 7DVN )RUFH DW WKH -XO\  ,(7) FRQIHU
HQFH ۢ:H UHMHFW NLQJV SUHVLGHQWV DQG YRWLQJ :H EHOLHYH LQ URXJK FRQVHQVXV DQG UXQQLQJ
FRGHۣۦ 3XUVXDQW WR WKLV LW ZRXOG EH KHOSIXO LI D FRQFLVH GLVFXVVLRQ RI WKH FXUUHQW FRQVHQ
VXV QRUPV DQG ۢEHVW SUDFWLFHVۣ IRU RUJDQL]HUV DQG SDUWLFLSDQWV FRXOG EH PDGH DYDLODEOH
ॡH FXUUHQW &RXUVH 'HVLJQ +DQGERRN SURYLGHV RQH VWDUWLQJ SRLQW EXW LW ZRXOG UHSUHVHQW
D EH॔HU FRQVHQVXV LI LW ZDV LPSURYHG E\ FDSWXULQJ LQVLJKWV IURP VXFFHVVIXO DQG OHVV VXF
FHVVIXO FRXUVHVۧ ॡLV VRUW RI UHVRXUFH ZRXOG EH SDUWLFXODUO\ XVHIXO IRU QHZFRPHUV DQG
WR SHRSOH ZKR FDQQRW UHJXODUO\ D॔HQG WKH FRPPXQLW\ WHOHSKRQH FDOOV
3HHUV SURYLGH IHHGEDFN WKDW ZRXOGQژW EH WKHUH RWKHUZLVH 'HDOLQJ ZLWK SURE
OHPV LQ D UHVSHFWIXO ZD\ 'LVFXVVLRQV DERXW 338 KDSSHQ LQ WKH FRPPXQLW\ PDLOLQJ
OLVW DQG RWKHU SODFHV PHQWLRQHG DERYH $W WKH WLPH ZKHQ ZH ZHUH GRLQJ WKLV UHVHDUFK
∗?iiTb,ffrBFBXKQxBHHXQ`;f.`mK#2ifaQq@2M;;2K2Mi@H//2`
ۦ?iiT,ffrrrXrB`2/X+QKfrB`2/f`+?Bp2fभXफपfB2i7nT`X?iKH
ۧ?iiT,ffrBFBXTबTmXQ`;frfT;2fबऱळपयबऱफf*Qm`b2@.2bB;M@>M/#QQF

&KDSWHU  ࢌHRUHWLFDO %DFNJURXQG
EXJ UHSRUWV DQG IHDWXUH UHTXHVWV UHODWHG WR WKH VR॑ZDUHZHUH VXSSRVHG WR JR LQWR DQ LVVXH
WUDFNHU KRVWHG RQ /LJKWKRXVH∗ 'LVFXVVLRQV DERXW 338 DOVR KDSSHQ LQ FRXUVHV ZKHUH
WKH\ PD\ EH YLHZHG DV GLVWUDFWLRQV IURP WKH FRQWHQW RI WKH FRXUVH (YHQ ZLWKLQ WKH PDLO
LQJ OLVW LW FDQ EH GLਜ਼FXOW WR NHHS WUDFN RI WKH IXOO UDQJH RI LGHDV FLUFXODWLQJ DW DQ\ JLYHQ
WLPH $QG DSDUW IURP GHYHORSPHQW ZRUN LW FDQ R॑HQ EH KDUG WR WHOO ZKDW۟V KDSSHQLQJ
DURXQG 338 3UHVXPDEO\ SDUWLFLSDQWV ZKR KDYH LGHQWLਖ਼HG FULWLFDO DQG XQVROYDEOH SURE
OHPV VLPSO\ OHDYH ॡH 4	$ WUDFNHUۦ DQG PDLOLQJ OLVW ERWK SURYLGH ZD\V WR EXLOG IDFWXDO
NQRZOHGJH EXW VHHP OHVV H੘HFWLYH IRU EXLOGLQJ VWUDWHJLF NQRZOHGJH %URDGO\ ZH ZRXOG
OLNH WR KDYH KDG PRUH FODULW\ DERXW KRZ WR FRQWULEXWH WR WKH SURFHVV RI VKDSLQJ 338
/HDUQLQJ LV GLVWULEXWHG DQG QRQOLQHDU 'HVLJQ FRQVLGHUDWLRQV )DFLOLWDWRUV DUH
VXSSRVHG WR FKRRVH DQG DVVHPEOH VXLWDEOH OHDUQLQJ UHVRXUFHV IRU WKHLU FRXUVHV EORJV
2(5 HWF LQ ZKLFK HYHU\RQH LV VXSSRVHG WR OHDUQ VRPHWKLQJ ,Q RXU H[SHULHQFH WKLV
LV HVVHQWLDOO\ ZKDW KDSSHQHG EXW LW LV KDUG WR PHDVXUH ZKHQ ZKHWKHU DQG KRZ PXFK
NQRZOHGJH ZDV JDLQHG 'HDOLQJ H੘HFWLYHO\ ZLWK FRPSOH[LW\ LV KDUG DQG PRUH D॔HQWLRQ
WR PRGHOLQJ WKH OHDUQLQJ SURFHVV FRXOG KHOS +RZHYHU LW LV QRW FOHDU KRZ RU ZKHWKHU WKH
GDWD PRGHO XVHG E\ 338۟V FXUUHQW SODWIRUP ۙ EDVHG RQ VKDUHG DFWLYLW\ VWUHDPV GUDZQ
IURP DURXQG WKH ZHE ۙ UHODWHV LQ D VLJQLਖ਼FDQW ZD\ WR OHDUQLQJ ,W VHHPV WKDW 338
ZRXOG KDYH WR ZRUN KDUG LQ RUGHU WR EH DEOH WR XVH DQ\WKLQJ EXW ۢSDUWLFLSDWLRQۣ DV D
SUR[\ PHDVXUH IRU OHDUQLQJ ,Q WHUPV RI EURDGHU LVVXHV RI TXDOLW\ FRQWURO RQH VXJJHVWLRQ
ZRXOG EH IRU 338 FRUH PHPEHUV ۙ LQFOXGLQJ VWD੘ ۙ WR VWDUW XVLQJ WKH 338 SODWIRUP
WR RUJDQL]H WKHLU DFWLYLWLHV LQ WKH RSHQ VKDULQJ ZKDW WKH\ DUH OHDUQLQJ LQ WKH SURFHVV RI
ZRUNLQJ RQ WKH VLWH
5HDOL]H WKH GUHDP LI \RX FDQ WKHQ ZDNH XS +LJK OHYHO URDGPDS $W RQH WLPH
WKH KLJKOHYHO YLVLRQ DW 338 ZDV DUJXDEO\ D 'HFODUDWLRQ RI ,QGHSHQGHQFH IURP )RUPDO
(GXFDWLRQۧ %XW DUJXDEO\ HDFK SDUWLFLSDQW KDV WKHLU RZQ YLVLRQ DQG WKHLU DLPV DUH RI
WHQ PXFK OHVV UDGLFDOi :KHQ ZH ZHUH EXLOGLQJ WKLV DQDO\VLV 338 KDG UHFHQWO\ KDG
LWV ਖ਼UVW ERDUG PHHWLQJ EXW VR IDU GRFXPHQWDWLRQ DERXW WKH RUJDQL]DWLRQ۟V YLVLRQ DQG
URDGPDS KDYH QRW EHHQ SUHVHQWHG WR RU Dਜ਼UPHG E\ WKH XVHU FRPPXQLW\ ۙ QRU KDV WKH
XVHU FRPPXQLW\ SUHVHQWHG DQ\ VWLSXODWLRQV WR WKH RUJDQL]DWLRQ 338 KDV PDGH FRQ
VLGHUDEOH SURJUHVV HJ LQ WKH IRUP RI VXFFHVVIXO JUDQW DSSOLFDWLRQV EXW ZLWKRXW PRUH
WUDQVSDUHQF\ DERXW WKHVH H੘RUWV WKH DELOLW\ RI QRQFRUH PHPEHUV WR OHDUQ IURP RUJDQL]D
WLRQDO VXFFHVVHV LV OLPLWHG ,Q RUGHU WR PD[LPL]H WKH SRVVLELOLWLHV IRU RWKHUV WR FRQWULEXWH
338 VKRXOG ZRUN RQ D SXEOLF URDGPDS WKDW OHDGV IURP QRZ XS WR WKH SRLQW ZKHUH WKH
YLVLRQ LV DFKLHYHG %RWK YLVLRQ DQG URDGPDS VKRXOG EH UHYLVHG DV QHHGHG
∗?iiT,ffTबTmXHB;?i?Qmb2TTX+QKf/b?#Q`/
ۦ?iiT,ff?2HTXTबTmXQ`;fF#
ۧ?iiT,ffrrrXvQmim#2X+QKfri+?\p4iलrtl#lफqnपOi4फबKफफb
i?iiT,ffrrrXvQmim#2X+QKfri+?\p4iलrtl#lफqnपOi4फभKफबb

i 3DUDJRJLFDO SUD[LV
 3DUDJRJLFDO SUD[LV
ॡH VWXG\ DW 338 KHOSHG GHYHORS D QRWLRQ RI ۢSULQFLSOHG SDUDJRJ\ۣ ۙ DQ HVVHQWLDOO\
QRUPDWLYH WKHRU\ ॡHVH SULQFLSOHV FDQ EH UHHYDOXDWHG WR VHW WKH VWDJH IRU ۢHPHUJHQW
SDUDJRJ\ۣ ۙ D GHVFULSWLYH WKHRU\ ॡH SDUDJRJ\ SULQFLSOHV SRLQW WR ਖ਼YH VSHFLਖ਼F NLQGV RI
FKDQJH WKDW DFWLRQV ZLWKLQ D OHDUQLQJ FRQWH[W FDQ DFFRPSOLVK &RUQHOL 	 0LNUR\DQQLGLV
 ॡHVH ਖ਼YH SRLQWV H[SUHVV WKH SDUDJRJLFDO SULQFLSOHV LQ D PRUH XQLIRUP ZD\
 &KDQJLQJ WKH QDWXUH RI WKH VSDFH
 &KDQJLQJ ZKDW , NQRZ DERXW P\VHOI
 &KDQJLQJ P\ SHUVSHFWLYH
 &KDQJLQJ FRQWHQW RU FRQQHFWLYLW\
 &KDQJLQJ REMHFWLYHV
 ͆ FRQWH[W
 ͆ PHWDOHDUQLQJ
 ͆ IHHGEDFN
 ͆ GLVWULEXWLYLW\
 ͆ DFKLHYHPHQW
,I FKDQJH LV D ۢTXLQWHVVHQWLDO HOHPHQWۣ LQ OHDUQLQJ %XUJHU 	 6WDUELUG  LW PDNHV
VHQVH WR JLYH LW D FHQWUDO UROH LQ OHDUQLQJ GHVLJQ ॡH TXHVWLRQ ۢZKDW FKDQJHG"ۣ SURYLGHV
D XQLਖ਼HG OHQV WKURXJK ZKLFK WR H[DPLQH DQG HYDOXDWH SUREOHP VROYLQJ KHXULVWLFV OLNH
3µO\D۟V  DVZHOO DVPRUH RSHQHQGHG SUREOHP VROYLQJ SURFHVVHV OLNH WKRVH RXWOLQHG
E\ 6FKRHQIHOG >i S @ &KDSWHU  ZLOO XVH WKHVH ਖ਼YH GLPHQVLRQV RI FKDQJH WR XQGHU
VWDQG XVHU UHTXLUHPHQWV IRU QHZ SUREOHP VROYLQJ VXSSRUW LQ 3ODQHW0DWK3ODQHWDU\ 3DU
DJRJ\ LV D WKHRU\ RI SHHU OHDUQLQJ LQZKLFK WKH OHDUQHU LV QRW D VHSDUDWH VSHFLHV :LWK WKLV
LQ PLQG WKH ਖ਼YH SDUDJRJ\ SULQFLSOHV FDQ DOVR EH WUDQVODWHG LQWR SUDFWLFDO VXJJHVWLRQV RQ
KRZ WR EH DQ H੘HFWLYH SDUDJRJXH &RUQHOL  ॡH IROORZLQJ SRLQWV RXWOLQH D PHWKRG
IRU VWXG\LQJ KRZ WKH ਖ਼YH IDFWRUV RI FKDQJH PHQWLRQHG DERYH WKHPVHOYHV FKDQJH :LWK
FDUH WKLV HQJLQH FDQ EH UXQ LQ UHYHUVH ۙ QRW MXVW WR VWXG\ FKDQJH EXW WR EULQJ LW DERXW
 'HYHORS HPSLULFDO VWXGLHV DQG D FULWLFDO DSSDUDWXV
 )LQG FRPSDQLRQV IRU WKH MRXUQH\
 :RUN ZLWK UHDO XVHUV
 6WXG\ DQG EXLOG QRQOLQHDU LQWHUIDFHV
 /LPLW SKLORVRSKL]LQJ
 ∇ FRQWH[W
 ∇ PHWDOHDUQLQJ
 ∇ IHHGEDFN
 ∇ GLVWULEXWLYLW\
 ∇ DFKLHYHPHQW
&KDSWHU  GHVFULEHV WKH FRQQHFWLRQV EHWZHHQ WKHVH ਖ਼YH GLPHQVLRQV DQG WKH GHVLJQ
SD॔HUQ PHWKRGRORJ\ WKDW LV DSSOLHG LQ &KDSWHU  7RJHWKHU WKH WZR OHYHOV RI FKDQJH
DUH VLPLODU WR ZKDW *UHJRU\ %DWHVRQ FDOOV SURWROHDUQLQJ DQG GHXWHUROHDUQLQJ RU PRUH
SODLQO\ /HDUQLQJ , DQG ,, %DWHVRQ  SS  ۙ %DWHVRQ۟V SHUVSHFWLYH RQ
OHDUQLQJ LV GLVFXVVHG LQ &KDSWHU  ZKHUH LW LV XVHG WR LOOXVWUDWH WKH FRQQHFWLRQV DQG
GL੘HUHQFHV EHWZHHQ SDUDJRJ\ DQG RWKHU FRQWHPSRUDU\ OHDUQLQJ WKHRULHV

&KDSWHU  ࢌHRUHWLFDO %DFNJURXQG
 6XPPDU\
ॡLV FKDSWHU SUHVHQWV SDUDJRJ\ D QHZ WKHRU\ RI SHHU SURGXFHG SHHU OHDUQLQJ 3DUD
JRJ\ LV GL੘HUHQW IURP HDUOLHU WKHRULHV RI OHDUQLQJ LQ WKH VHQVH WKDW EURDGHU FRQWH[WXDO
FKDQJH LV FRQVLGHUHG DORQJ ZLWK FKDQJH LQ WKH SHUVRQV ZKR DUH OHDUQLQJ
$OWKRXJK SDUDJRJ\ LQLWLDOO\ GHYHORSHG LQ WKH PRGH RI FRQVWUXFWLYH FULWLTXH LW LV QRW
WLHG WR D SURMHFW RI ۢड[LQJۣ HGXFDWLRQ FI .HUQRKDQ  ,QGHHG SDUDJRJ\ LV QRW
SUHVHQWHG SULPDULO\ DV DQ HGXFDWLRQDO DSSURDFK EXW DV D GHVFULSWLRQ RI WKH ZD\ OHDUQ
LQJ ZRUNV LQ SHHU SURGXFWLRQ FRPPXQLWLHV 3DUDJRJ\ KDV EHHQ DPSOLਖ਼HG DQG H[WHQGHG
ZLWKLQ WKH 3HHUDJRJ\ SURMHFW 5KHLQJROG HW DO  ZKLFK KDV KHOSHG PDNH LW XVHIXO
WR HGXFDWRUV 3XUVHU 7RZQGURZ 	 $UDQJXL]  %DNHU 	 6XUU\  DQG RWKHUV
&RUQHOL HW DO 
,Q RUGHU WR JLYH D IRXQGDWLRQ WR WKH NH\ LGHDV LQ SDUDJRJ\ WKH SUHVHQWDWLRQ LQ WKLV
FKDSWHU KDV GUDZQ RQ FRXUVH GHVLJQ SDUWLFLSDQW REVHUYDWLRQ DQG RQ VXEVHTXHQW SD
SHUV WKDW H[SORUHG WKH UHOHYDQFH RI SDUDJRJ\ IRU V\VWHP GHVLJQ DQG UHVHDUFK &RUQHOL 	
0LNUR\DQQLGLV  &RUQHOL 

 /LWHUDWXUH 5HYLHZ
:KLOH WKHUH LV QR VLJQLक़FDQW SULRU OLWHUDWXUH RQ ڛSHHU SURGXFHG SHHU OHDUQLQJڜ
WKH SDUDJRJ\ IUDPHZRUN VXJJHVWV D ZD\ WR RUJDQL]H DQG VXUYH\ SULRU ZRUN LQ
DGMDFHQW क़HOGV
 3UHOXGH /HDUQLQJ DQG DGDSWDWLRQ
ॡLV VHFWLRQ ZLOO H[SORUH OHDUQLQJ IRFXVLQJ RQ *UHJRU\ %DWHVRQ۟V  SHUVSHFWLYH
ZKLFK ZDV LQWURGXFHG EULHਗ਼\ LQ WKH SUHYLRXV FKDSWHU >i S @ FRQQHFWLQJ LW WR WKH
QRWLRQ RI DGDSWDWLRQ WKDW DSSHDUV IUHTXHQWO\ LQ DQWKURSRORJLFDO OLWHUDWXUH ॡH UHFHQW
ZRUN RI $QGUHDV 0HLV]QHU  ZKR VWXGLHG OHDUQLQJ LQ WKH VH॔LQJ RI IUHH VR॑ZDUH
DQG RSHQ FRXUVHV KHOSV WR VKRZ KRZ WKHVH LGHDV UHODWH WR SUDFWLFDO DSSOLFDWLRQ DQG WR
FRQWHPSRUDU\ OHDUQLQJ WKHRULHV ,Q WKH ODWHU VHFWLRQV RI WKLV FKDSWHU WKLV PDWHULDO ZLOO EH
XVHIXO LQ DQDO\]LQJ WKH OLWHUDWXUH UHODWHG WR SHHU SURGXFHG SHHU OHDUQLQJ LQ PDWKHPDWLFV
%DWHVRQ۟V KLHUDUFK\ /HDUQLQJ , /HDUQLQJ ,, /HDUQLQJ ,,, HWF EHJLQV ZLWK =HUR /HDUQ
LQJ ZKLFK GHQRWHV QR FKDQJH LQ WKH VXEMHFW RQO\ D VWLPXOXV DQG D UHDFWLRQ WKDW LV DOUHDG\
ۢVROGHUHG LQۣ %DWHVRQ  S  $V ZLWK SDUDJRJ\ %DWHVRQ XQGHUVWDQGV OHDUQLQJ
WR EH IXQGDPHQWDOO\ UHODWHG WR FKDQJH EXW LQ KLV PRGHO KH LPSRVHV WKH UHTXLUHPHQW
WKDW WKH HQYLURQPHQW VKRXOG QRW FKDQJH ZKLOH OHDUQLQJ LV KDSSHQLQJ +LV DVVHUWLRQ LV
WKDW ۢ>W@KH QRWLRQ RI UHSHDWDEOH FRQWH[W LV D QHFHVVDU\ SUHPLVH IRU DQ\ WKHRU\ ZKLFK GHडQHV
ڤOHDUQLQJڥ DV FKDQJHۣ %DWHVRQ  S  %DWHVRQ GRHV DOORZ D KHGJH ZKLFK LV WKDW
WKH FRQWH[W LV RQO\ ۢVRPHKRZۣ RU ۢWKHRUHWLFDOO\ۣ WKH VDPH ॡH SUREOHP LV WKDW KHUH
%DWHVRQ LV XQGHUVWDQGLQJ FRQWH[W DV ۢD PHWDPHVVDJH ZKLFK FODVVLडHV WKH HOHPHQWDU\ VLJ
QDOۣ 5DWKHU WKDQ WDONLQJ DERXW D UHSHDWDEOH FRQWH[W LW ZRXOG EH FOHDUHU WR VLPSO\ VD\
WKDW WKH VWDEOH FODVVLਖ਼FDWLRQ RI VLJQDOV LV ZKDW LV LPSRUWDQW (YHQ LQ WKH FDVH ZKHUH D

&KDSWHU  /LWHUDWXUH 5HYLHZ
EHOO VRPHWLPHV PHDQV GLQQHU DQG VRPHWLPHV PHDQV QR GLQQHU WKHUH LV VRPHWKLQJ WR EH
OHDUQHG ZKLFK LV WKDW WKH EHOO LV FDSULFLRXV $OO FODVVLਖ਼FDWLRQ V\VWHPV PXVW ۢडW LQQXPHU
DEOH PRUH RU OHVV VLPLODU FDVHV ڟ ZKLFK PHDQV VWULFWO\ VSHDNLQJ QHYHU HTXDOۣ 1LHW]VFKH
 ,QGHHG LQ VRPH VHQVH ZKDW RQH LV OHDUQLQJ LV SUHFLVHO\ WKH FODVVLਖ਼FDWLRQ V\VWHP
ZLWK ZKDWHYHU EXLOWLQ XQFHUWDLQW\ SHUWDLQV WR LW ॡLV LV FRPSDWLEOH ZLWK %DWHVRQ۟V PRUH
IRUPDO GHਖ਼QLWLRQ ۢ/HDUQLQJ , LV FKDQJH LQ WKH VSHFLडFLW\ RI UHVSRQVH E\ FRUUHFWLRQ RI HUURUV
RI FKRLFH ZLWKLQ D VHW RI DOWHUQDWLYHVۣ %DWHVRQ  S  ॡH GHਖ਼QLWLRQ RI /HDUQLQJ
,, QDWXUDOO\ HQRXJK EXLOGV RQ WKH GHਖ਼QLWLRQ RI /HDUQLQJ ,
/HDUQLQJ ,, LV D FKDQJH LQ WKH SURFHVV RI /HDUQLQJ , HJ D FRUUHFWLYH FKDQJH LQ WKH VHW
RI DOWHUQDWLYHV IURP ZKLFK FKRLFH LV PDGH RU >    @ D FKDQJH LQ KRZ WKH VHTXHQFH RI
H[SHULHQFH LV SXQFWXDWHG %DWHVRQ  S 
*H॔LQJ EH॔HU DW VROYLQJ SUREOHPV RI D JLYHQ W\SH RYHU WLPH LV DQ DVVRFLDWHG SKHQRPHQRQ
ZKLFK UHODWHG WR WKH QRWLRQ RI WUDQVIHU RI OHDUQLQJ ZKHUHE\ D SUREOHP LQ D QHZ FRQWH[W
LV WUHDWHG DV LI LW ZHUH WKH VDPH DV D SUREOHP HQFRXQWHUHG LQ DQ HDUOLHU WUDLQLQJ FRQWH[W
$JDLQ FRQWH[W FKDQJH LV SHUIHFWO\ FRPSDWLEOH ZLWK OHDUQLQJ DW WKLV OHYHO
$V DQ LPSRUWDQW FODVV RI H[DPSOHV GD\WRGD\ FRPPXQLFDWLRQ ZRUNV ODUJHO\ GXH WR
WKH IDFW WKDW ۢWKH VWUHDP RI HYHQWV LV FRPPRQO\ SXQFWXDWHG LQWR FRQWH[WV RI OHDUQLQJ E\ D
WDFLW DJUHHPHQW EHWZHHQ WKH SHUVRQV UHJDUGLQJ WKH QDWXUH RI WKHLU UHODWLRQVKLSۣ %DWHVRQ
 S  ॡH SD॔HUQ E\ ZKLFK ZH VKRXOG GHਖ਼QH /HDUQLQJ ,,, DQG VR IRUWK LV QRZ
UHODWLYHO\ FOHDU 6LQFH ۢZKDW LV OHDUQHG LQ /HDUQLQJ ,, LV D ZD\ RI SXQFWXDWLQJ HYHQWVۣ
%DWHVRQ  S  WKHQ ZKDW LV OHDUQHG LQ /HDUQLQJ ,,, LV D ZD\ RI SXQFWXDWLQJ WKH
SXQFWXDWLRQ RI HYHQWV ۙ DQG VR RQ ,Q RWKHU ZRUGV /HDUQLQJ ,, LV DERXW FUHDWLQJ WKH
ERXQGDU\ FRQGLWLRQV LQ ZKLFK D JLYHQ SD॔HUQ RI FRQWURO ZLOO EH H[HUFLVHG VXEMHFW WR WKH
VWDQGDUG FDYHDW WKDW WKLV FRQWURO LV SDUWLDO ,Q D SDUDJRJLFDO YLHZ SXQFWXDWLRQ RI WKLV
VRUW FRXOG DOVR EH FDOOHG FRQWH[W FUHDWLRQ ۙ DOWKRXJK R॑HQ PRUH LV LQYROYHG LQ FRQWH[W
FUHDWLRQ WKDQ MXVW EUDFNHWLQJ
%DWHVRQ LQWURGXFHV VHYHUDO DGGLWLRQDO LGHDV WKDW H[SDQG RQ WKLV KLHUDUFK\ DQG ZKLFK
ZLOO EH XVHIXO LQ ZKDW IROORZV ॡH ਖ਼UVW LV WKH GLVWLQFWLRQ EHWZHHQ DQDORJ DQG GLJLWDO
VLJQDOV 2॑HQ WKH WZR DUH FRPELQHG DV LQ ODQJXDJH OHDUQLQJ ,YHUVRQ 	 ॡHOHQ 
LQGHHG ۢWKHUH LV D FRQWLQXRXV JUDGDWLRQ IURP WKH RVWHQVLYH WKURXJK WKH LFRQLF WR WKH SXUHO\
GLJLWDOۣ %DWHVRQ  S 
)RU H[DPSOH
>$@Q (QJOLVKVSHDNLQJ PDWKHPDWLFLDQ FRQIURQWHG ZLWK D SDSHU E\ D -DSDQHVH FRO
OHDJXH >    @ JD]HV XQFRPSUHKHQGLQJO\ DW WKH -DSDQHVH LGHRJUDSKV EXW KH LV DEOH WR
SDUWO\ XQGHUVWDQG WKH &DUWHVLDQ JUDSKV LQ WKH -DSDQHVH SXEOLFDWLRQ
%DWHVRQ  S 

i 3UHOXGH /HDUQLQJ DQG DGDSWDWLRQ
'LJLWDO VLJQDOV JHQHUDOO\ KDYH FRQYHQWLRQDO LQWHUSUHWDWLRQV HJ WKH EHOO ZKHUHDV
DQDORJ VLJQDOV DUH PRUH GLUHFW HJ WKH GLQQHU DQG QHHG QRW VWDQG IRU DQ\WKLQJ HOVH
&OHDUO\ DQ\ FRQYHQWLRQV PXVW EH OHDUQHG LQ RUGHU WR EH XVHG ۢ9HUEDO ODQJXDJHۣ LQ SDU
WLFXODU LV ۢDOPRVW EXW QRW TXLWH SXUHO\ GLJLWDOۣ ۙ DQG IXUWKHUPRUH ۢSULPDULO\ RULHQWHG
WRZDUG WKLQJVۣ UDWKHU WKDQ ۢWKH SDࡉHUQV DQG FRQWLQJHQFLHV RI UHODWLRQVKLSۣ %DWHVRQ 
SS  ∗
+HUH UHODWLRQVKLS HVSHFLDOO\ PHDQV D FRQWH[W IRU FRPPXQLFDWLRQ ZKLFK DV ZH۟YH
VHHQ PHDQV D FRQWH[W IRU OHDUQLQJ DQG PRUH EURDGO\ D FRQWH[W LQ ZKLFK F\EHUQHWLF
FRQWURO LV H[HUFLVHG %DWHVRQ VKRZV WKURXJK PDQ\ H[DPSOHV WKDW KXPDQV DQG RWKHU
PDPPDOV W\SLFDOO\ FRPPXQLFDWH DERXW WKHLU PRVW PHDQLQJIXO UHODWLRQVKLSV ZLWK RQH
DQRWKHU LQ QRQYHUEDO ۙ LH DQDORJ ۙZD\V +H LQWURGXFHV WKH WHUP ͠ IXQFWLRQV WR GHVFULEH
FRPPXQLFDWLRQ DFWV ZKHWKHU GLJLWDO RU DQDORJ VSRNHQ RU XQVSRNHQ ZKLFK DUH ZD\V RI
ۢYRLFLQJۣ UHODWLRQVKLS
:H VKDOO VD\ WKDW ڨ$ GRPLQDWHV %ک LI $ DQG % VKRZ E\ WKHLU EHKDYLRU WKDW WKH\ VHH
WKHLU UHODWLRQVKLS DV FKDUDFWHUL]HG E\ VHTXHQFHV RI WKH W\SH DफEफDब ZKHUH Dफ LV VHHQ E\
$ DQG % DV D VLJQDO GHडQLQJ FRQGLWLRQV RI LQVWUXPHQWDO UHZDUG RU SXQLVKPHQW Eफ DV D
VLJQDO RU DFW REH\LQJ WKHVH FRQGLWLRQV DQG Dब DV D VLJQDO UHLQIRUFLQJ Eफ 6LPLODUO\ ZH
VKDOO VD\ WKDW ڨ$ LV GHSHQGDQW RQ %ک LI WKHLU UHODWLRQVKLS LV FKDUDFWHUL]HG E\ VHTXHQFHV
DफEफDब ZKHUH Dफ LV VHHQ DV D VLJQDO RI ZHDNQHVV Eफ DV D KHOSLQJ DFW DQG Dब DV DQ
DFNQRZOHGJHPHQW RI Eफ %DWHVRQ  S 
6RPH H[DPSOHV PD\ KHOS FODULI\ WKHVH FRQFHSWV :L॔JHQVWHLQ۟V EXLOGHUV RSHUDWH DW
WKH OHYHO RI /HDUQLQJ , DQG H[HFXWH D GLJLWDO SURJUDP ۙ ۢVR WKDW $ FDQ VKRXW ڤUHG VODEڥ
DQG % ZLOO SDVV VODEV RI D FHUWDLQ FRORXUۣ %ORRU  S  *LYHQ WKH WKLQ GHVFULSWLRQ
ZH GRQ۟W NQRZ IRU VXUH WKDW $ GRPLQDWHV % ZKLFK LV FHUWDLQO\ ZKDW LW VRXQGV OLNH RU
LV SHUKDSV GHSHQGHQW RQ % ,Q DQ\ FDVH WKH ODQJXDJH RI WKH EXLOGHUV LV HQWLUHO\ DERXW
WKLQJV DQG WKH UHODWLRQVKLS LV ۢYRLFHGۣ WKURXJK WKH HPERGLHG SD॔HUQ RI FRPSOLDQW DFWV
,Q D UHDOZRUOG H[DPSOH 5LFKDUG 6WDOOPDQ VROYHG D SUREOHP ZLWK SULQWHU MDPV DW WKH
0,7 $, ODE E\ LQVWDOOLQJ FXVWRP FRGH ۢWR QRWLI\ HYHU\ XVHU ZLWK D ZDLWLQJ SULQW MRE WKDW
WKH SULQWHU ZDV MDPPHGۣ
ڨ,I \RX JRW WKDW PHVVDJH \RX FRXOGQڥW DVVXPH VRPHERG\ HOVH ZRXOG ड[ LWک VD\V 6WDOO
PDQ UHFDOOLQJ WKH ORJLF ڨ<RX KDG WR JR WR WKH SULQWHU $PLQXWH RU WZR DࡆHU WKH SULQWHU
JRW LQ WURXEOH WKH WZR RU WKUHH SHRSOH ZKR JRW PHVVDJHV DUULYH WR ड[ WKH PDFKLQH 2I
WKRVH WZR RU WKUHH SHRSOH RQH RI WKHP DW OHDVW ZRXOG XVXDOO\ NQRZ KRZ WR ड[ WKH
SUREOHPک :LOOLDPV 	 6WDOOPDQ  S 
∗1RWH WKDW *HHUW] GRHV QRW SUHFLVHO\ VD\ WKDW D V\PERO LV GLJLWDO EXW KLV OLVW RI H[HPSODUV ۙ ۢDQ\ REMHFW
DFW HYHQW TXDOLW\ RU UHODWLRQ ZKLFK VHUYHV DV D YHKLFOH IRU FRQFHSWLRQۣ ۙ LV FRPSULVHG RI GLVFUHWH WHUPV
UDWKHU WKDQ SURFHVVHV LQ SDUWLFXODU D UHODWLRQ UDWKHU WKDQ D UHODWLRQVKLS &I >i S @

&KDSWHU  /LWHUDWXUH 5HYLHZ
ॡLV PHVVDJH KDG WKH ͠ IXQFWLRQ RI H[SUHVVLQJ D UHODWLRQVKLS EHWZHHQ SDUWLFXODU LQGL
YLGXDOV DQG D SULQWHU EXW LW DOVR VHUYHG DV D FROOHFWLYH H[SUHVVLRQ RI WKH PXWXDO LQWHUGH
SHQGHQFH RI WKH PHPEHUV RI WKH ODE DV D ZKROH ॡLV HSLVRGH ZDV DQ H[DPSOH RI /HDUQLQJ
,, HQDFWHG LQ VXFK D ZD\ DV WR FKDQJH WKH SXQFWXDWLRQ RI H[SHULHQFHV IRU WKH JURXS )XU
WKHUPRUH LW VHUYHG DV D PRWLYDWLQJ H[DPSOH IRU DQ HSLVRGH RI /HDUQLQJ ,,, OHDGLQJ WR
WKH FUHDWLRQ RI WKH *18 SURMHFW ۙ EDVHG RQ WKH REVHUYDWLRQ WKDW FXVWRP PHVVDJLQJ ZDV
RQO\ SRVVLEOH EHFDXVH WKH VRXUFH FRGH WKDW FRQWUROOHG WKH SULQWHU۟V ZDV DFFHVVLEOH DQG
FRXOG EH FKDQJHG
,W LV QRZ SRVVLEOH WR PDNH FRQQHFWLRQV IURP WKLV WKHRUHWLFDO YLHZ WR VRPH RI WKH VWDQ
GDUG OHDUQLQJ WKHRULHV +HUH , ZLOO ODUJHO\ IROORZ LQ WKH IRRWVWHSV RI $QGUHDV 0HLV]QHU
 ZKRVH 3K' WKHVLV DVNV ZKHWKHU WKH NLQG RI OHDUQLQJ WKDW KDSSHQV LQ IUHH VR॑
ZDUH FRPPXQLWLHV FDQ EH DSSOLHG WR EXLOG RSHQ FRXUVHV &KDSWHU  ZDV IUDPHG DURXQG
D VLPLODU PRWLYDWLRQ ۢ&DQ ZH PDNH OHDUQLQJ PDWKHPDWLFV PRUH OLNH OHDUQLQJ LQ IUHH
VR॑ZDUH"ۣ
0HLV]QHU GUDZV RQ WKH GHVFULSWLRQ RI VHOIGLUHFWHG OHDUQLQJ IURP *HUDOG )LVFKHU DQG
(ULF 6FKDU੘  ZKR ZULWH DERXW WKH SRWHQWLDO RI ۢ(FRQRPLHV RI (GXFDWLRQDO .QRZO
HGJHۣ WKDW FDQ EH XVHG E\ VHOIGLUHFWHG OHDUQHUV $FFRUGLQJ WR )LVFKHU DQG 6FKDU੘
 /HDUQLQJ UHTXLUHV HQYLURQPHQWV LQ ZKLFK OHDUQHUV FDQ EH DFWLYH GHVLJQHUV
DQG FRQWULEXWRUV
 /HDUQLQJ LV KLJKO\ WXQHG WR WKH VLWXDWLRQ LQ ZKLFK LW WDNHV SODFH
 /HDUQLQJ LV NQRZOHGJHGHSHQGHQW
 /HDUQLQJ QHHGV WR DFFRXQW IRU GLVWULEXWHG FRJQLWLRQ
 /HDUQLQJ LV DॗHFWHG DV PXFK E\ PRWLYDWLRQDO LVVXHV DV E\ FRJQLWLYH LVVXHV
ॡHVH SRLQWV EHDU D PDQLIHVW VLPLODULW\ WR WKH SDUDJRJ\ SULQFLSOHV >i S @ KRZ
HYHU )LVFKHU DQG 6FKDU੘ UHWDLQ D EDVLFDOO\ SURYLVLRQLVW RULHQWDWLRQ ॡHLU SULPDU\ LQ
WHUHVW LV LQ ۢVXSSRUW IRUۣ VHOIGLUHFWHG OHDUQHUV ZKR DFW ۢSULPDULO\ DV GHVLJQHUV RI VRPH
DUWLIDFWVۣ ॡLV LV LQGHHG WKH W\SLFDO FDVH LQ SHHU SURGXFWLRQ DQG WKH EDVLF IRUP LQ FRQ
VWUXFWLRQLVP 3DSHUW 	 +DUHO  +RZHYHU DV WKHUH LV OL॔OH HPSKDVLV RQ FRFUHDWLQJ
WKH OHDUQLQJ FRQWH[W WKLV LV D NLQG RI ۢSURWRSDUDJRJ\ۣ ∗
%\ DQG ODUJH 0HLV]QHU ਖ਼QGV WKH DERYHOLVWHG FKDUDFWHULVWLFV ۢZHOO SUHVHQWHG ZLWKLQ
)/266ۣ +H GRFXPHQWV IXUWKHU VSHFLਖ਼F IHDWXUHV RI WKH ZD\ OHDUQLQJ ZRUNV LQ IUHH VR॑
ZDUH FRPPXQLWLHV IRU LQVWDQFH KH QRWHV WKH ۢIUDJPHQWDWLRQ DQG VHOIVHOHFWLRQ RI OHDUQ
LQJ PDWHULDOVۣ +H H[WUDFWV VHQVLEOHVRXQGLQJ UHFRPPHQGDWLRQV IRU GHVLJQHUV RI RSHQ
FRXUVHV IRU H[DPSOH ۢ(QDEOH OHDUQHUV WR HQJDJH >ZLWK@ DFWLYLWLHV WKDW DUH QRW UHVWULFWHG WR
∗)LVFKHU DQG 6FKDU৓۟V SULPDU\ VRXUFHV DUH /DXUHQ 5HVQLFN  IRU WKH ਖ਼UVW WKUHH SRLQWV ZKR JURXQGV
WKHP LQ WKH FRJQLWLYH VFLHQFH OLWHUDWXUH WKH FRQWHPSRUDU\ ZRUN RI 0LWFKHOO 5HVQLFN  RQ GLVWULEXWHG
FRQVWUXFWLRQLVP IRU WKH IRXUWK SRLQW DQG 0LK£O\ &V¯NV]HQWPLK£O\L  IRU WKH ਖ਼॑K

i 3UHOXGH /HDUQLQJ DQG DGDSWDWLRQ
DQ DUWLडFLDO XQLYHUVLW\ VHࡉLQJۣ DQG ۢ,PSOHPHQW SHHU VXSSRUW PHFKDQLVPV  D ODUJH VXSSRUW
QHWZRUN SURYLGHG YROXQWDULO\ E\ SHHUV LQ D FROODERUDWLYH PDQQHU QHDUO\ ۣ ॡH SUREOHP
WKHQ EHFRPHV ZKR ZLOO LPSOHPHQW WKHVH SURSRVDOV"
&RQQHFWLYLVP LQWURGXFHG E\*HRUJH 6LHPHQV HPSKDVL]HV WKH UROH WKDW ۢVHOIRUJDQL]LQJ
QHWZRUNVۣ DQG ۢDFWLRQDEOH NQRZOHGJHۣ SOD\ IRU OHDUQLQJ LQ WKH ۢ'LJLWDO $JHۣ 6LHPHQV
 0DVVLYH 2SHQ 2QOLQH &RXUVHV 022&V GHVLJQHG ZLWK D FRQQHFWLYLVW RULHQWDWLRQ
KDYH PDQ\ IHDWXUHV PDWFKLQJ 0HLV]QHU۟V UHFRPPHQGDWLRQV +RZHYHU WKHUH VHHP WR EH
VRPH LPSRUWDQW GL੘HUHQFHV
>2@QH RI WKH FRUQHUVWRQHV RI OHDUQLQJ LQ )/266 LV WR ڤHQDEOH UHH[SHULHQFHڥ WR ڤOHDUQ
IURP ZKDW RWKHUV GLGڥ >    @0RVW RI WKH GLVFRXUVH GHEDWHV RU GLVFXVVLRQV RI WKH &&.
FRXUVH DUH YHU\ FORVH WR WKH )/266 FDVH D VLJQLडFDQW GLठHUHQFH KRZHYHU LV WKDW WKRVH
DFWLYLWLHV GR QRW FXOPLQDWH ZLWKLQ D ڤVROXWLRQڥ ڤSURGXFWڥ ڤJXLGHڥ ڤUHSRUWڥ RU RWKHU W\SH
RI ڤFRQFUHWH RXWFRPHڥ WKDW ZRXOG DOORZ IXWXUH FRKRUWV WR WDNH WKLV RXWFRPH DV D VWDUWLQJ
SRLQW 0HLV]QHU 
$V WKH &RQQHFWLYLVP DQG &RQQHFWLYH .QRZOHGJH FRXUVH ZDV UHUXQ D IHZ \HDUV ODWHU
DV &&. WKLV DVVHUWLRQ PXVW EH TXHVWLRQHG∗ 1HYHUWKHOHVV WKH HPSKDVLV IRU PRVW SDU
WLFLSDQWV LQ FRQQHFWLYLVW 022&V KDV EHHQ RQ ۢGLDORJLFDOۣ IHDWXUHV 5DYHQVFUR॑ 
ۙ FUD॑LQJ DQ H[SHULHQFH UDWKHU WKDQ D SURGXFW :LWKRXW D GRXEW VXFK FRQYHUVDWLRQV
DUH SHHU SURGXFHG ۙ EXW VWLOO ZLWKRXW DQ\ DVSHUVLRQV WKLV LV WKH NLQG RI OHDUQLQJ WKDW
WDNHV SODFH RQ ۢ)DFHERRN 7ZLࡉHU * EORJV DQG RWKHU PHGLDۣ 3XUVHU HW DO  UDWKHU
WKDQ WKH NLQG RI OHDUQLQJ WKDW WDNHV SODFH LQ IUHH VR॑ZDUH SURMHFWV ,Q IUDPLQJ WKH FHQ
WUDO WHQHWV RI FRQQHFWLYLVP *HRUJH 6LHPHQV UHPDUNV WKDW ۢࡍH SLSH LV PRUH LPSRUWDQW
WKDQ WKH FRQWHQW ZLWKLQ WKH SLSHۣ 6LHPHQV  ॡH EURDG VXFFHVV RI WHFKQRORJLHV IRU
FRPPXQLFDWLRQ OLNH 6WDFN([FKDQJH LQ OHDUQLQJ DSSOLFDWLRQV QRWZLWKVWDQGLQJ WKH SDU
DJRJXH ZRXOG UDWKHU VLGH ZLWK 5HQ« 0DJUL॔H KHUH ۙ ۢ&HFL QڥHVW SDV XQH SLSHۣ 5DWKHU
D॑HU %HQNOHU
ࡍHUH LV VLPSO\ WKH TXHVWLRQ RI JRYHUQDQFH LQ WKH UHODWLRQV DPRQJ XVHUV RI D FODVV RI
VRࡆZDUH SODWIRUPV WKDW KDYH FHUWDLQ GHJUHHV RI IUHHGRP LQ WKHLU GHVLJQ UHVXOWLQJ LQ D
YDULHW\ RI VRFLDO DठRUGDQFHV DQG WKHUHIRUH IDFLOLWDWLQJ D YDULHW\ RI VRFLDO DQG HFRQRPLF
LQWHUDFWLRQV %HQNOHU ४
,Q WKLV UHVSHFW SDUDJRJ\ LV FORVHU WR FRQVWUXFWLYLVP LQDVPXFK DV WKH OD॔HU DW OHDVW LQ
LWV ۢUDGLFDOۣ IRUP SODFHV DQ HPSKDVLV RQ DGDSWDWLRQ UDWKHU WKDQ RQ NQRZOHGJH WUDQVIHU
$V SHU (UQVW YRQ *ODVHUVIHOG ۢ>W@R EH DGDSWHG >    @ PHDQV QR PRUH DQG QR OHVV WKDQ WR
EH YLDEOHۣ YRQ *ODVHUVIHOG  +RZHYHU ZKLOH YRQ *ODVHUVIHOG LQWHQGV IRU UDGLFDO
FRQVWUXFWLYLVP WR EH FRPSDWLEOH ZLWK ۢDQ RQWRORJLFDO ڤUHDOLW\ڥۣ KH DVVHUWV WKDW KLV IUDPH
ZRUN ۢGHQLHV WKH KXPDQ H[SHULHQFHU WKH SRVVLELOLW\ RI DFTXLULQJ D WUXH UHSUHVHQWDWLRQ RI
∗?iiT,ff++FफफXKQQ+X+f

&KDSWHU  /LWHUDWXUH 5HYLHZ
LWۣ YRQ *ODVHUVIHOG  %DWHVRQ IRU KLV SDUW ZRXOG UHMHFW WKH VHSDUDWLRQ RI PLQG
IURP ERG\ WKDW WKLV HQWDLOV %DWHVRQ  S  9RQ *ODVHUVIHOG۟V IRFXV RQ WKH FRQ
VWUXFWLRQ RI FRQFHSWXDO VFKHPHV DQGPRGHOV OHDYHV RXW EURDGHU FRQWH[WXDO DQG UHODWLRQDO
IHDWXUHV WKDW DUH SUHVHQW IRU H[DPSOH LQ 9D\GD DQG 0F&D\۟V SHUVSHFWLYHV RQ HQYLURQ
PHQWDO FKDQJH DQG JURXSOHYHO DFWLRQ DQG VHOHFWLRQ ZKLFK FRQVLGHU WKH DGDSWLYLW\ RI
WKH HQWLUH ۢSURFHVV RI UHVSRQVHۣ >i S @
3DUDJRJ\ QRW RQO\ ۢHVFKHZV SLSHOLQH PRGHOV RI WUDQVPLࡉLQJ NQRZOHGJHۣ 3DSHUW 	
+DUHO  EXW WUHDWV FRPPXQLFDWLRQ DV DQ DVVHPEODJH ZLWK HPHUJHQW SURSHUWLHV FR
FRQVWLWXWHG E\ LWV SDUWLFLSDQWV DQG VXEMHFW WR WKH YDJDULHV RI H[LVWHQFH LQ WKH UHDO ZRUOG
,Q WKLV UHVSHFW ZH ਖ਼QG SDUDJRJ\ DW RQFH LQ ERWK LWV HPSKDWLF DQG SURGXFWLYH VHQVHV∗
)ROORZLQJ 0DOLQRZVNL  -XOLD (O\DFKDU H[SODLQV KHU FRQFHSW RI SKDWLF ODERU
0DOLQRZVNL VKRZV KRZ ODQJXDJH VXFK DV JRVVLS DQG FKDࡉLQJ FDQ EH D PHDQV RI HVWDE
OLVKLQJ WLHV IRU WKHLU RZQ VDNH UDWKHU WKDQ IRU WKH SXUSRVH RI FRQYH\LQJ DQ\ LQIRUPD
WLRQ LQ SDUWLFXODU >    @ , DUJXH WKDW WKLV ODERU SURGXFHV FRPPXQLFDWLYH FKDQQHOV WKDW
FDQ SRWHQWLDOO\ WUDQVPLW QRW RQO\ ODQJXDJH EXW DOVR DOO NLQGV RI VHPLRWLF PHDQLQJ DQG
HFRQRPLF YDOXH (O\DFKDU 
ॡH V\QWKHVLV RI D FKDQQHO UHOLHV RQ WKH NH\ IHDWXUH WKDW PDNHV FRQWH[W FUHDWLRQ GL੘HUHQW
IURP WKH PHUH SXQFWXDWLRQ RI H[SHULHQFH DQG GL੘HUHQW IURP VWDQGDUG PRGHOV RI FRP
PXQLFDWLRQ ۢࡍHUH LV DOZD\V PRUH LQ WKH HठHFW WKDQ WKHUH ZDV LQ WKH FDXVHۣ +DUPDQ
 %XW WKHVH HPHUJHQW H੘HFWV PXVW EH FKDQQHOHG RU HOVH WKH\ GLVVLSDWH 'HDFRQ
 ,Q VKRUW SDUDJRJ\ LV FRQFHUQHG ZLWK JHQHUDWLQJ DQG YRLFLQJ WKH ͠ IXQFWLRQV WKDW
VXVWDLQ UHODWLRQVKLSV LQ ZKLFK OHDUQLQJ FDQ WDNH SODFH DQG WKURXJK ZKLFK PHDQLQJ FDQ
EH PDGH ॡLV SURFHVV LV ۢPRUSKRJHQHWLFۣ QRW ۢK\ORPRUSKLFۣ ,QJROG  SS ۙ
ۙ EXW PRUHRYHU LW LV DVVRFLDWHG ZLWK SUREOHPV ZKLFK SRVVHVV DQ REMHFWLYH UHDOLW\ DV
ZKHQ ۢD SRSXODWLRQ RI LQWHUDFWLQJ SK\VLFDO HQWLWLHV VXFK DV WKH PROHFXOHV LQ D WKLQ OD\HU
RI VRDS >    @ DGRSW D IRUP ZKLFK PLQLPL]HV IUHH HQHUJ\ۣ 'H/DQGD  ,Q WKH FDVH RI
3ODQHW0DWK ZLWK UHIHUHQFH WR WKH IUDPHZRUN IURP &KDSWHU 
 ࢌH FRFUHDWHG FRQWH[W LV D PDWKHPDWLFV ZHEVLWH
 LQ ZKLFK OHDUQLQJ LV SDUW RI D VRFLDO NQRZOHGJH EXLOGLQJ SURFHVV
 FDUULHG E\ PHGLDWHG SHHU IHHGEDFN
 ZKLFK XQIROGV LQ DQ DUFKLWHFWXUH GHYLVHG WR VXSSRUW FROODERUDWLRQ
 ZKHUHLQ WKH ڛGUHDPڜ LV RQH RI VKDUHG FRPPXQLW\
%ULQJLQJ WRJHWKHU DQG FRQWH[WXDOL]LQJ DFFRXQWV IURP NH\ ਖ਼JXUHV DVVRFLDWHG ZLWK
WKHVH WKHPHV WKH FKDSWHU DUULYHV DW D SLFWXUH RI PDWKHPDWLFDO VRFLDOLW\ WKDW FDQ EH XVHG
WR UHIUDPH WKH UHVHDUFK TXHVWLRQ DV DQ DUUD\ RI UHODWHG UHVHDUFK SUREOHPV &KDSWHU 
∗&I >i S  )RRWQRWH ∗@

i 0DWKHPDWLFDO WKLQNLQJ
 0DWKHPDWLFDO WKLQNLQJ
+RZ GR SHRSOH XQGHUVWDQG PDWKHPDWLFV" ॡLV LV WKH NH\ LVVXH LQ :LOOLDPॡXUVWRQ۟V
SDSHU ۢ2Q 3URRI DQG 3URJUHVV LQ 0DWKHPDWLFV ۣ ॡXUVWRQ KDG WKLV DGPRQLVKPHQW IRU
WKH PDWKHPDWLFV FRPPXQLW\
:H QHHG WR IRFXV IDU PRUH HQHUJ\ RQ XQGHUVWDQGLQJ DQG H[SODLQLQJ WKH EDVLF PHQWDO
LQIUDVWUXFWXUH RI PDWKHPDWLFV ڟ ZLWK FRQVHTXHQWO\ OHVV HQHUJ\ RQ WKH PRVW UHFHQW UH
VXOWV ॡXUVWRQ 
KXPDQ ODQJXDJH
VHQVRU\ SHUFHSWLRQ
ORJLF DQG GHGXFWLRQ
LQWXLWLRQ DVVRFLDWLRQ
DQG PHWDSKRU
VWLPXOXVUHVSRQVH
SURFHVV DQG WLPH
VRFLDOL]DWLRQ
7DEOH  &ULWHULD IURP
:LOOLDP ࡍXUVWRQ
1RWH WKH HPSKDVLV KHUH LV RQ WKH KXPDQ H[SHULHQFH RIPDWKH
PDWLFV ॡXUVWRQ SDUWLFXODUO\ HPSKDVL]HV WKH LPSRUWDQFH RI
D VRFLDO GLPHQVLRQ IRU EXLOGLQJ D VXFFHVVIXO PDWKHPDWLFV UH
VHDUFK SURJUDPPH +H EHJLQV ZLWK D SRLQW GUDZQ IURP KLV
RZQ H[SHULHQFH DQG YHU\ VLPLODU WR (ULF 5D\PRQG۟V LQVLJKW
WKDW ۢVRPH YHU\ VXFFHVVIXO SURMHFWV EHFRPH ڤFDWHJRU\ NLOOHUVڥۣ
5D\PRQG  5DWKHU WKDQ FOHDULQJ RXW PDWKHPDWLFDO
WRSLFV RQ RQH۟V RZQ KH REVHUYHV WKDW WKH ORQJ UXQ LW LV PXFK
EH॔HU WR LQYROYH RWKHU SHRSOH
ॡXUVWRQ SRLQWV RXW WKDW SHRSOH DUH DEOH WR PDNH XVH RI D ZLGH HPERGLHG FKDQQHO WR
JHW LQYROYHG ॡH ZD\ SHRSOH WKLQN DERXW PDWKHPDWLFV 7DEOH  LV YDVWO\ GL੘HUHQW IURP
ZKDW ZH VHH LQ WKH UHODWLYHO\ GU\ DQG GLVHPERGLHG FKDQQHO WKDW W\SLਖ਼HV PDWKHPDWLFV
SDSHUV ॡXUVWRQ GHVFULEHVPDWKHPDWLFV DV ۢWKH WKHRU\ RI IRUPDO SDࡉHUQVۣ ∗ 1HYHUWKHOHVV
KH DUJXHV WKDW
>5@HOLDELOLW\ GRHV QRW SULPDULO\ FRPH IURP PDWKHPDWLFLDQV IRUPDOO\ FKHFNLQJ IRU
PDO DUJXPHQWV LW FRPHV IURP PDWKHPDWLFLDQV WKLQNLQJ FDUHIXOO\ DQG FULWLFDOO\ DERXW
PDWKHPDWLFDO LGHDV ॡXUVWRQ 
ࢌH KHDUW RI PDWKHPDWLFV 3UREOHP VROYLQJ LV FRQVLGHUHG E\ 3DXO +DOPRV WR EH ۢWKH
KHDUW RI PDWKHPDWLFVۣ +DOPRV  7RJHWKHU ZLWK ॡXUVWRQ۟V GHਖ਼QLWLRQ WKLV VSHDNV
WR D GXDO UROH IRU SUREOHP VROYLQJ DFWLYLWLHV WKH\ FURVV EDFN DQG IRUWK EHWZHHQ WKH
LQIRUPDO H[SHULHQWLDO ۢKXPDQۣ ZD\V RI WKLQNLQJ DERXW D SUREOHP DQG PRUH ۢIRUPDOۣ
VWDWLF UHVXOWV VROXWLRQ SURRI R॑HQ ۢFRUUHFW ۣ HWF ۢ>7@KH PDWKHPDWLFLDQڥV PDLQ UHDVRQ
IRU H[LVWHQFH LV WR VROYH SUREOHPVۣ +DOPRV  $GGLQJ SUREOHP VROYLQJ LQWHUDFWLRQV LV
D NH\ ۢHUJRQRPLFۣ VWHS LQ 3ODQHW0DWK3ODQHWDU\ VLQFH LW EULQJV LW LQWR FORVHU DOLJQPHQW
∗+H UHPDUNV ۢWR GLVFXVV WKLV ZRXOG EH D ZKROH HVVD\ LQ LWVHOIۣ ॡXUVWRQ PD\ EH WKLQNLQJ KHUH RI
IRUPDO VWUXFWXUDO RUJDQL]DWLRQV QRW RQO\ LQ WHUPV RI ORJLF FI ॡRPSVRQ  $OH[DQGHU  S
 ॡXUVWRQ۟V IRUPHU VWXGHQW %HQVRQ )DUE LQGLFDWHV ۢ+H FKDQJHG RXU LGHD RI ZKDW LW PHDQV WR ۞HQ
FRXQWHU۟ DQG ۞LQWHUDFW ZLWK۟ D JHRPHWULF REMHFW ॡH JHRPHWU\ WKDW FDPH EHIRUH DOPRVW ORRNV OLNH SXUH
V\PERO SXVKLQJ LQ FRPSDULVRQۣ ?iiT,ff#HQ;bXb+B2MiB7B+K2`B+MX+QKfQ#b2`piBQMbfबपफबfपलf
बभfi?2@Ki?2KiB+H@H2;+v@Q7@rBHHBK@i?m`biQM@फळमर@बपफबf

&KDSWHU  /LWHUDWXUH 5HYLHZ
ZLWKZKDW SHRSOH GRZKHQ WKH\ GRPDWKHPDWLFV 0LFKDHO $WL\DK DUJXHV WKDW WKH ۢFRUHۣ RI
PDWKHPDWLFV LV KDV DV OHDVW PXFK WR GR ZLWK WKHRU\ EXLOGLQJ DV LW KDV WR GR ZLWK SUREOHP
VROYLQJ
>:@KDW LV WKH JRRG RI D WKHRU\ LI LW GRHV QRW VROYH SUREOHPV DQG ZKDW LV WKH JRRG RI DQ
LQडQLWH FROOHFWLRQ RI GLVMRLQW SUREOHPV KRZHYHU LQWHUHVWLQJ HDFK LQGLYLGXDO RQH PD\
EH $WL\DK 
7LPRWK\ *RZHUV HPSKDVL]HV WKDW ERWK SUREOHP VROYLQJ DQG WKHRU\ EXLOGLQJ FDQ DFKLHYH
WKH LPSRUWDQW HQG RI RUJDQL]LQJ DQG FRPPXQLFDWLQJ PDWKHPDWLFDO WKRXJKW *RZHUV
 ,W ZRXOG VHHP WKDW FRPPXQLFDWLRQ OLHV QHDU WKH KHDUW RI PDWKHPDWLFV ۙ DQG LI
WKDW LV VR WKHQ VXUHO\ WKH FKRLFH RI PHGLD IRU PDWKHPDWLFDO FRPPXQLFDWLRQ PD॔HUV
6WXG\LQJ PDWKHPDWLFV RQOLQH .KDQ $FDGHP\ ZDV GLVFXVVHG EULHਗ਼\ LQ &KDSWHU 
,I ZH ORRN EH\RQG WKH YLGHR IRUPDW DQG WKH DVVRFLDWHG ਗ਼LSSHGFODVVURRP SHGDJRJ\
%HUJPDQQ	 6DPV  .KDQ ZH FDQ VD\ D ELWPRUH 5HPDUNLQJ RQ DQ LQKHUHQWO\
FROODERUDWLYH RQOLQHPDWKHPDWLFV OHDUQLQJ HQYLURQPHQW WKH 9LUWXDO0DWK 7HDPV SURMHFW
*HUU\ 6WDKO VXJJHVWV WKDW SHRSOH VWXG\LQJ RQOLQH FROODERUDWLRQ DUH LQ DQ XQLTXHO\ JRRG
SRVLWLRQ VLQFH WKH\ KDYH DFFHVV WR WKH VDPH LQIRUPDWLRQ WKDW SDUWLFLSDQWV LQ WKHVH HQ
YLURQPHQWV KDYH 6WDKO  ॡLV LV QRW HYHQ WKH FDVH IRU SHUVRQV UHVHDUFKLQJ RतLQH
LQWHUDFWLRQ ZKR W\SLFDOO\ QHHG WR DSSO\ LQVWUXPHQWV OLNH WKLQNDORXG SURWRFROV WR EXLOG
DQ H[SOLFLW WUDFH RI ZKDW SHRSOH DUH WKLQNLQJ 1LHOVHQ &OHPPHQVHQ 	 <VVLQJ 
2I FRXUVH LQ SUDFWLFH WKH XVHUV RI DQ RQOLQH V\VWHP PD\ KDYH VFUDWFK ZRUN RU VLGH
FRQYHUVDWLRQV WKDW DUH LQ QR ZD\ LQGH[HG E\ WKH V\VWHP 2QH H[HPSODU\ SLHFH RI UH
FHQW UHVHDUFK LQ WKLV JHQUH LV D SURMHFW RQ FROODERUDWLYH RQOLQH SHHU VXSSRUWHG SURRI
JHQHUDWLRQ H[HUFLVH WKDW ZDV FRQGXFWHG E\ $OLVRQ 3HDVH DQG 8UVXOD 0DUWLQ ۢ6HYHQW\
IRXU PLQXWHV RI PDWKHPDWLFVۣ 3HDVH 	 0DUWLQ  DQDO\]HV WKH DFWLYLWLHV WKDW WRRN
SODFH GXULQJ 0LQL3RO\PDWK ,,, D SURMHFW LQ ZKLFK 7HUUHQFH 7DR LQYLWHG VWXGHQWV WR FRO
ODERUDWH RQ KLV EORJ WR VROYH DQ ROG 0DWKHPDWLFDO 2O\PSLDG SUREOHP +DYLQJ DFFHVV WR
D WUDFH RI WKH HQWLUH FRQYHUVDWLRQ DOORZHG 3HDVH DQG 0DUWLQ WR FDWHJRUL]H FRQWULEXWHG
FRPPHQWV DV FRQFHSWV H[DPSOHV FRQMHFWXUHV RU SURRIUHODWHG ۙ D IUDPHZRUN LQVSLUHG E\
,PUH /DNDWRV۟V  WKHRU\ RI LQIRUPDO PDWKHPDWLFV
ࢋHVWLRQV RI SURFHGXUH ॡH 3RO\PDWK SURMHFW ZKLFK VHUYHG DV WKH LQVSLUDWLRQ IRU
WKH 0LQL3RO\PDWK VHULHV DLPHG WR DQVZHU WKH TXHVWLRQ ۢLV PDVVLYHO\ FROODERUDWLYH PDWK
HPDWLFV SRVVLEOH"ۣ∗ ॡLV SURMHFW ZDV FRQYHQHG E\ 7LPRWK\ *RZHUV ZKR GHYHORSHG 
UXOHV WR DGGUHVV WKH ۢTXHVWLRQV RI SURFHGXUHۣ WKDW KH DQWLFLSDWHG ZRXOG DULVHۦ
∗?iiT,ff;Qr2`bXrQ`/T`2bbX+QKfबपपळfपफfबऱfBb@KbbBp2Hv@+QHH#Q`iBp2@Ki?2KiB+b@
TQbbB#H2f
ۦ?iiT,ff;Qr2`bXrQ`/T`2bbX+QKfबपपळfपबfपफf[m2biBQMb@Q7@T`Q+2/m`2f

i 0DWKHPDWLFDO WKLQNLQJ
,Q SDUWLFXODU WKH UXOHV HPSKDVL]H WKDW D JRRG FRQWULEXWLRQ UHSUHVHQWV D ۢTXDQWXP RI
SURJUHVVۣ *RZHUV SURJUHVVLYHO\ DQG FDUHIXOO\ H[SOLFDWHG WKH LPSHUDWLYH WR VKDUH FRP
PHQWV WKDW DUH ۢQRW IXOO\ WKRXJKW RXWۣ $V 8UVXOD 0DUWLQ KDG FRPPHQWHG WHQ \HDUV HDU
OLHU ZLWK UHJDUG WR WKH HPHUJLQJ ਖ਼HOG RI H[SHULPHQWDO PDWKHPDWLFV WKDW WKH JURZWK RI
H[SHULPHQWDWLRQ UHTXLUHV WKH ۢGHYHORSPHQW RI FRPPXQLW\ VWDQGDUGV DV WR H[SHULPHQWDO
PHWKRGRORJ\ۣ HPSKDVL]LQJ QRW RQO\ WHFKQLFDO PD॔HUV EXW DOVR ۢWKH HDUO\ VKDULQJ RI LQ
VLJKWVۣ 0DUWLQ  &RPPXQLW\ VWDQGDUGV DUH HVVHQWLDOO\ V\QRQ\PRXV WR FRPPXQLW\
QRUPV OLNH WKRVH ZH ZRXOG KDYH OLNHG WR VHH PRUH FOHDUO\ HOXFLGDWHG DW 338 &KDSWHU
 >i S @ &RPPXQLW\ VWDQGDUGV DUH SDUW RI DQ\ WHFKQRORJ\ IRU VKDUHG FRPPXQLFD
WLRQ ZLWKRXW WKHP FRPPXQLFDWLRQ LV PRUH GLਜ਼FXOW RU LPSRVVLEOH FI %DWHVRQ RQ WKH
WDFLW DJUHHPHQWV WKDW FUHDWH FRQWH[WV IRU OHDUQLQJ >i S @
*RZHUV۟V UXOHV SURYLGH RQH VWDUWLQJ SRLQW IRU FRPPXQLW\ VWDQGDUGV LQ VRFLDO H[SHUL
PHQWV LQ PDWKHPDWLFV ॡHVH UXOHV VXJJHVW D IDLUO\ SUHFLVH XQGHUVWDQGLQJ RI PDWKHPDW
LFDO VRFLDOL]DWLRQ ,W LV QRW VLPSO\ D PD॔HU RI FKD॔LQJ WKLQJV RYHU UDWKHU LW LV D VORZ
SURFHVV RI ELJ LGHDV DQG D IDVWHU LQWHUPHGLDWH SURFHVV RI EUHDNLQJ WKHVH LGHDV GRZQ
LQWR VPDOOHU SDUWV ॡLV UHFRYHUV WKH PRGXODULW\ DQG JUDQXODULW\ DVSHFWV WKH &RPPRQV
%DVHG 3HHU 3URGXFWLRQ PRGHO 8OWLPDWHO\ SDUWLFLSDWLRQ LQ WKH 3RO\PDWK SURMHFW ZDV QRW
DV ۢPDVVLYHۣ DV KDG EHHQ KRSHG *RZHUV 	 1LHOVHQ  ॡLV SRLQWV WR D SRWHQWLDO H[
SDQGHG UROH IRU LQWHJUDWLRQ QRW RQO\ WR FRQQHFW LGHDV LQWR ਖ਼QLVKHG SURGXFWV EXW DOVR WR
FRQQHFW WKH ZRUNਗ਼RZV RI PRUH SHUVRQV $W WKH VDPH WLPH WKH TXHVWLRQ DERXW PDVVLYH
FROODERUDWLRQ LQ UHVHDUFK QHHGV WR EH PDGH PRUH SUHFLVH 5HDVRQDEO\ ODUJH VFDOH FROODER
UDWLRQ LQ UHVHDUFK PDWKHPDWLFV KDG EHHQ JRLQJ RQ PXFK HDUOLHU D॑HU D IDVKLRQ FRQVLGHU
0HUVHQQH۟V WK FHQWXU\ V\VWHP %DUWOH  DQG IRU D UHYLHZ IRFXVLQJ RQ %RXUEDNL
VHH /HR &RUU\ RQ ۢ:ULWLQJ WKH 8OWLPDWH 0DWKHPDWLFDO 7H[WERRNۣ &RUU\ 
0DNLQJ PDWKHPDWLFDO PHDQLQJV ॡHUH LV D FRUUHODWH WR WKH TXDQWXP RI SURJUHVV
LQ UHVHDUFK PDWKHPDWLFV WR EH IRXQG LQ D SDSHU E\ &RQVWDQW /HXQJ DERXW WKH SURFHVV
RI OHDUQLQJ HOHPHQWDU\ PDWKHPDWLFV /HXQJ  /HXQJ PHQWLRQV WKUHH NH\ SRLQWV
DERXW OHDUQLQJ PDWKHPDWLFDO ODQJXDJH DQG PDWKHPDWLFDO YRFDEXODU\ LQ SDUWLFXODU /H
XQJ SRLQWV RXW WKDW ZKHQ \RX OHDUQ PDWKHPDWLFV \RX KDYH WR OHDUQ ERWK ۢIRUPDOۣ DQG
ۢVHPDQWLFۣ IHDWXUHV RI WKH FRQFHSWV LQYROYHG∗ \RX KDYH WR ۢWKLQN WKURXJKۣ WKH FRQFHSWV
LQYROYHG DQG WKDW OHDUQLQJ LW LV ۢLQFUHPHQWDOۣ LQ WKDW PHDQLQJV H[SDQG DQG GHYHORS E\
EXLOGLQJ RQ RQH DQRWKHU ॡLV WHOOV XV ZKDW PDWKHPDWLFDO YRFDEXODU\ GRHV ,QWURGXFLQJ
QHZ WHUPLQRORJ\ LV D ZD\ WR UHSUHVHQW QHZ LGHDV ۙ D TXDQWXP RI SURJUHVV LQ D OHDUQLQJ
RU GLVFRYHU\ SURFHVV ,W ZRXOG QRW EH HQWLUHO\ XQUHDVRQDEOH WR WDNH OHDUQLQJ YRFDEXODU\
DV D PRGHO IRU OHDUQLQJ PDWKHPDWLFV
∗ॡXV IRU LQVWDQFH D VTXDUH LV ۢD डJXUH ZLWK  VWUDLJKW HTXDO VLGHV IRUPLQJ  ULJKW DQJOHVۣ IRUPDOFRUH
DQG ۢLW KDV IRXU OLQHV RI V\PPHWU\ DQG URWDWLRQDO V\PPHWU\ RI RUGHU ۣ VHPDQWLFQRQFRUH

&KDSWHU  /LWHUDWXUH 5HYLHZ
>:@RUGV GRQڥW MXVW UHSUHVHQW ZKDW ZH FODLP WR NQRZ DOUHDG\ WKH\ DOVR DOORZ XV WR
PDNH REVHUYDWLRQV DQG WR IRUPXODWH QRYHO PHDQLQJV ZLWKLQ D QHJRWLDWHG UDQJH RI DF
FHSWDEOHDFFHSWHG SRVVLELOLWLHV RU OLPLWVۣ /HXQJ 
0DWKHPDWLFDO VHPLRWLFV 0LFKDHO +DOOLGD\۟V YLHZ WKDW D ODQJXDJH FRQWDLQV WHUPLQRO
RJ\ DQG D WKHRU\ RI KXPDQ H[SHULHQFH DQG DQ HQDFWPHQW RI LQWHUSHUVRQDO UHODWLRQVKLSV
+DOOLGD\  S  LV FRQVLVWHQW ZLWK /HXQJ۟V YLHZ WKDW OHDUQLQJ ZRUGV LV DFWXDOO\
D PD॔HU RI OHDUQLQJ DQG HQDFWLQJ SURFHVV DQG FRQVRQDQW ZLWK ॡXUVWRQ۟V SHUVSHFWLYHV
RQ PDWKHPDWLFDO H[SHULHQFH +DOOLGD\ PDNHV LW FOHDU WKDW OHDUQLQJ VFLHQWLਖ਼F RU PDWKH
PDWLFDO ODQJXDJH LV QRW MXVW D PD॔HU RI OHDUQLQJ QHZ YRFDEXODU\ ZRUGV :ULWLQJ DERXW
VWXGHQWV OHDUQLQJ VFLHQFH +DOOLGD\ VDLG WKDW WKH GLਜ਼FXOW\ LV QRW MXVW ZLWK ۢWHFKQLFDO
WHUPVۣ EXW ZLWK WKH ۢWKH WRWDO SDࡉHUQV RI WKH GLVFRXUVHۣ +DOOLGD\  SS ۙ ॡH
VDOLHQFH RI WKHVH FRPPHQWV LV DPSOLਖ਼HG ZKHQ ZH FRQVLGHU +DOOLGD\۟V ODQJXDJHEDVHG
WKHRU\ RI OHDUQLQJ ZKLFK VD\V WKDW IRU KXPDQV OHDUQLQJ KRZ WR UHODWH WR RWKHUV DQG
LQGHHG OHDUQLQJ KRZ WR WKLQN DUH LQWULQVLFDOO\ OLQJXLVWLF SURFHVVHV 7R LOOXVWUDWH WKHVH
FODLPV +DOOLGD\ SUHVHQWV D GHWDLOHG VWXG\ RI WKH GHYHORSPHQW RI WKRXJKW WKURXJK 
GLVWLQFW IHDWXUHV RI FKLOGKRRG ODQJXDJH GHYHORSPHQW +DOOLGD\  ,Q WKLV ZRUN DOO
KXPDQ OHDUQLQJ DFWLYLWLHV DUH VHHQ DV ۢVHPLRWLFۣ WKH V\VWHP RI ODQJXDJH LV FRQFRPL
WDQW ZLWK SURFHVVHV RI PHDQLQJIXO DFWV +DOOLGD\۟V WKLQNLQJ DERXW V\VWHP DQG SURFHVV LV
UHPLQLVFHQW RI /RXLV +MHPVOHY۟V WKHVLV
>)@RU HYHU\ SURFHVV WKHUH LV D FRUUHVSRQGLQJ V\VWHP E\ ZKLFK WKH SURFHVV FDQ EH
DQDO\]HG DQG GHVFULEHG +MHOPVOHY  S  RULJLQDO HPSKDVLV
,Q WKLV ZD\ ZH PRYH EDFN DQG IRUWK EHWZHHQ ZRUGVV\PEROV V\VWHPODQJXDJH DQG
SURFHVVPHDQLQJ
/HDUQLQJ PDWKHPDWLFV IURP H[DPSOHV DQG E\ GRLQJ %XW GRHV D ODQJXDJHEDVHG
WKHRU\ DGHTXDWHO\ GHVFULEH WKH ZD\ SHRSOH OHDUQ PDWKHPDWLFV" $ SDSHU E\ ;LQPLQJ
=KX DQG +HUEHUW $ 6LPRQ GHPRQVWUDWHV WKH IHDVLELOLW\ RI DQ DOWHUQDWLYH OHDUQLQJE\
H[DPSOH DSSURDFK =KX 	 6LPRQ  ,Q WKLV FDVH WKH H[DPSOHV ZHUH VSHOOHG RXW LQ
DGYDQFH LQ WH[WXDO IRUP ॡH XQGHUO\LQJ PRGHO LV VLPSOH DQG EHVW VXLWHG IRU URWH OHDUQ
LQJ :DWHUPDQ  ॡLV DSSURDFK WR OHDUQLQJ IURP ZRUNHGRXW H[DPSOHV FRQWUDVWV
VWURQJ ZLWK WKH ۢ0RRUH PHWKRGۣ -RQHV  &RKHQ  D YDULDWLRQ RQ WKH SUDFWLFH
NQRZQ DV ۢGLVFRYHU\ OHDUQLQJۣ %UXQHU  +HUH WKH V\OODEXV FRQVLVWV RI D VHOHFWHG
OLVW RI WKHRUHPV WR SURYH &OHDUO\ LQ RUGHU WR SURYH QRQWULYLDO WKHRUHPV RQH QHHGV ۢD
UHDVRQDEOH GHJUHH RI VRSKLVWLFDWLRQ FRQFHUQLQJ WKH ORJLF RI YHULडFDWLRQ DQG FRQFHSW IRUPD
WLRQۣ 6WULNH  ॡH 0RRUH PHWKRG JHQHUDOO\ UHOLHV RQ WKH UHGLVFRYHU\ RI D NQRZQ
V\VWHP EHKLQG WKH UHYHDOHG SURFHVV 2Q WKH RWKHU KDQG WKH =KX6LPRQ PRGHO LV DQ H[
DPSOH RI D V\VWHP ZLWK RQO\ D PLQLPDO SURFHVV LW SURYLGHV D OLPLWHG ODQJXDJH WKDW RQO\

i 0DWKHPDWLFDO WKLQNLQJ
ঽ ,I D SUREOHP VHHPV IDPLOLDU WU\ UHDVRQLQJ E\ DQDORJ\ ,I \RX VROYHG D VLPLODU
RQH LQ WKH SDVW DQG FDQ DGDSW WR WKH GL੘HUHQFHV \RX PD\ EH DEOH WR UHXVH
WKDW VROXWLRQ
৤ ,I WKH SUREOHP VWLOO VHHPV WRR KDUG GLYLGH LW LQWR VHYHUDO SDUWV (YHU\ GL੘HU
HQFH \RX UHFRJQL]H PD\ VXJJHVW D VHSDUDWH VXESUREOHP WR VROYH
৆ ,I LW VHHPV XQIDPLOLDU FKDQJH KRZ \RXڥUH GHVFULELQJ LW )LQG D GL੘HUHQW GH
VFULSWLRQ WKDW KLJKOLJKWV PRUH UHOHYDQW LQIRUPDWLRQ
ূ ,I \RX JHW WRR PDQ\ LGHDV WKHQ IRFXV RQ D PRUH VSHFLडF H[DPSOH ۙ EXW LI \RX
GRQ۟W JHW HQRXJK LGHDV PDNH WKH GHVFULSWLRQ PRUH JHQHUDO
ী ,I D SUREOHP LV WRR FRPSOH[ PDNH D VLPSOHU YHUVLRQ RI LW 6ROYLQJ D VLPSOHU
LQVWDQFH PD\ VXJJHVW KRZ WR VROYH WKH RULJLQDO SUREOHP
ষ $VNLQJ ۢZKDW PDNHV D SUREOHP KDUG" ۣ PD\ VXJJHVW DQRWKHU DSSURDFK ۙ RU
D EH॔HU ZD\ WR VSHQG \RXU WLPH
৞ :KHQ \RXU LGHDV VHHP LQDGHTXDWH UHPHPEHU VRPHRQH PRUH H[SHUW DW WKLV
DQG LPDJLQH ZKDW WKH H[SHUW ZRXOG GR
হ :KHQHYHU \RX ਖ਼QG \RXUVHOI WRWDOO\ VWXFN VWRS ZKDW \RXڥUH GRLQJ QRZ DQG
OHW WKH UHVW RI \RXU PLQG ਖ਼QG DOWHUQDWLYHV
ॡH EHVW ZD\ WR VROYH D SUREOHP LV WR DOUHDG\ NQRZ KRZ WR VROYH LW ۙ LI \RX
FDQ PDQDJH WR UHWULHYH WKDW NQRZOHGJH
স ,I QRQH RI WKHVH PHWKRGV ZRUN \RX FDQ DOZD\V DVN DQRWKHU SHUVRQ IRU KHOS
7DEOH  3UREOHPVROYLQJ KHXULVWLFV VXJJHVWHG E\ 0LQVN\ ZLWK QHZ PQHPRQLFV
PDNHV LW SRVVLEOH WR UHH[SUHVV WKH JXLGLQJ WH[W :KHQ FRPSDUHG ZLWK +DOOLGD\۟V GHWDLOHG
GHYHORSPHQWDO PRGHO RI OHDUQLQJ DV D OLQJXLVWLFVHPLRWLFPHDQLQJ PDNLQJ SURFHVV ERWK
RI WKHVH PRGHOV DSSHDU TXLWH ਗ਼DZHG
$ OLQJXLVWLF GHVHUW ,Q D VHULHV RI PHPRV ZUL॔HQ IRU WKH 2QH /DSWRS SHU &KLOG 2/3&
SURMHFW∗ 0DUYLQ 0LQVN\ SRLQWV RXW WKDW \RXQJ VWXGHQWV DUH QRW JLYHQ PDQ\ PDWKHPDW
LFDO ZRUGV RU LGHDV ۢ,W LV KDUG WR WKLQN DERXW VRPHWKLQJ XQWLO RQH OHDUQV HQRXJK WHUPV
WR H[SUHVV WKH LPSRUWDQW LGHDV LQ WKDW DUHDۣ 0LQVN\ ۙۦ +RZHYHU 0LQVN\۟V
FRQFHUQ LV QRW VROHO\ ZLWK LQFUHDVLQJ WKH UDWH RI YRFDEXODU\ DFTXLVLWLRQ EXW ZLWK OHDUQ
LQJ QHZ ZD\V WR WKLQN DQG SUREOHP VROYH +H SURSRVHV VHYHUDO H[DPSOH KHXULVWLFV LH
ZD\V RI WKLQNLQJ DERXW SUREOHPV WKDW FRXOG EH WDXJKW WR VWXGHQWV 7DEOH  ,Q WKH 2/3&
PHPRV KH VXJJHVWV WKDW SURJUDPPLQJ PD\ EH D EH॔HU ZD\ WR WHDFK KHXULVWLF UHDVRQLQJ
WKDQ PDWKHPDWLFV (OVHZKHUH 0LQVN\ HPSKDVL]HV WKDW WR EXLOG UHDO XQGHUVWDQGLQJ LW LV
QHFHVVDU\ WR EH DEOH WR ۢUHSUHVHQW VRPHWKLQJ LQ VHYHUDO ZD\Vۣ 0LQVN\  S 
∗?iiT,ffQM2XHTiQTXQ`;f
ۦ&I *HUU\ 6XVVPDQ LW۟V ۢKDUG WR OHDUQ ZKDW RQH FDQQRW H[SUHVVۣ >i S @

&KDSWHU  /LWHUDWXUH 5HYLHZ
 &ROODERUDWLYH NQRZOHGJH EXLOGLQJ
ॡH PRGHO RI OHDUQLQJ IURP GLVFRYHU\ DQG H[DPSOHV ZKHUH ERWK DUH HPEHGGHG LQ D
VRFLDO SURFHVV LV VLPLODU WR 0DUOHQH 6FDUGDPDOLD۟V  FRQFHSWLRQ RI NQRZOHGJH EXLOG
LQJ PHQWLRQHG LQ &KDSWHU  ॡHVH LGHDV EXLOG XSRQ HDUOLHU ZRUN WKDW ZDV GHYHORSHG
MRLQWO\ ZLWK &DUO %HUHLWHU %HUHLWHU  %HUHLWHU 	 6FDUGDPDOLD  %HUHLWHU 6FDU
GDPDOLD &DVVHOOV 	 +HZL॔  ॡHVH ZRUNV HPSKDVL]H KHXULVWLF GHVLJQ JXLGHOLQHV
VXFK DV ۢࡍHUH LV D ZD\ LQWR WKH FHQWUDO NQRZOHGJH VSDFH IRU DOO SDUWLFLSDQWVۣ 6FDUGDPDOLD

7DFLW SUHXQGHUVWDQGLQJ
3HUVRQDO D॔HQWLRQ ⋆
3HUVRQDO FRPSUHKHQVLRQ ⋆⋆
⋆ 3HUVRQDO D॔HQWLRQ
3XEOLF VWDWHPHQWV
$UJXPHQWDWLRQ DQG UDWLRQDOH
6KDUHG XQGHUVWDQGLQJ
&ROODERUDWLYH NQRZOHGJH
&XOWXUDO DUWLIDFWV
⋆⋆ 3HUVRQDO FRPSUHKHQVLRQ
7DEOH  &ULWHULD IURP *HUU\
6WDKO
ۢ$ PRGHO RI FROODERUDWLYH NQRZOHGJH EXLOGLQJۣ LV
D VKRUW SDSHU E\ *HUU\ 6WDKO  LQ ZKLFK KH WDONV
DERXW ۢOHDUQLQJ DV D VRFLDO SURFHVV RI NQRZOHGJH EXLOG
LQJۣ ॡH DLP RI 6WDKO۟V SDSHU LV WR DGG D FRJQLWLYH
GLPHQVLRQ WR WKH HDUO\ PRUH LQIRUPDO WKHRULHV RI
NQRZOHGJH EXLOGLQJ ,Q SDUWLFXODU WKH SDSHU DLPV WR
PHVK ۢSHUVRQDO XQGHUVWDQGLQJۣ FRQVLGHUHG DV D F\
FOH ZLWK ۢVRFLDO NQRZOHGJH EXLOGLQJۣ FRQVLGHUHG DV
DQRWKHU F\FOH ۙ VHH )LJXUH ∗ 7DEOH  SUHVHQWV D
PLQLPDO UHQGLWLRQ RI WKH GLDJUDP۟V PDLQ JHQHUDWLYH
F\FOHV DQGPXWXDOO\VDWLVI\LQJ ERXQGDU\ FRQGLWLRQV
6WDKO۟V PRGHO GRHV DQ DGPLUDEOH MRE RI RUJDQL]LQJ WKH NH\ LGHDV RI VRFLDO NQRZOHGJH
EXLOGLQJ ZKLOH VLPXOWDQHRXVO\ R੘HULQJ D SRWHQWLDOO\ GHVFULSWLYH WKHRU\ +RZHYHU DV D
FRJQLWLYH PRGHO LW UHPDLQV IDLUO\ VFKHPDWLF
$QRWKHU FDQGLGDWH VWUXFWXUDWLRQ ,Q D UHFHQW SDSHU E\ 6HDQ *RJJLQV DQG FRDXWKRUV
6WDKO۟V ZRUN RQ FROODERUDWLYH NQRZOHGJH EXLOGLQJ LQVSLUHV DQRWKHU JUDSKLFDO LQWHUSUHWD
WLRQ )LJXUH  ZKHUH FRQWH[W SHRSOH DUWLIDFWV DQG LQWHUDFWLRQV DUH RUJDQL]HG LQ FRQWH[WX
DOL]HG LQWHUDFWLRQ *RJJLQV 0DVFDUR 	 9DOH॔R  ॡLV PRGHO DOVR FRQVLGHUV SHRSOH
DUWLIDFWV DQG D VKDUHG FRQWH[W ॡHUH LV OHVV RI D IRFXV RQ WKH SDUWLFXODU WHORL RI EHOLHI
XQGHUVWDQGLQJ DQG FRPSUHKHQVLRQ +RZHYHU WKHUH LV PRUH RI DQ HPSKDVLV RQ VPDOO
VFDOH IHHGEDFN ORRSV ZKLFK DUH FRQQHFWHG WR D ODUJHVFDOH UHVHDUFK F\FOH WKDW DLPV WR
LGHQWLI\ WKH VRFLDO FRQQHFWLRQV WKDW DUH FUHDWHG ZLWKLQ WKH JURXSV EHLQJ VWXGLHG
0RGHOLQJ WKH SURFHVV RI OHDUQLQJ ۢ0RGHOLQJ WKH SURFHVV QRW WKH SURGXFW RI OHDUQ
LQJۣ $NKUDV 	 6HOI  SS ۙ ZDV SXEOLVKHG DURXQG WKH VDPH WLPH DV 6WDKO۟V
VKRUW SDSHU +HUH )DELR $NKUDV DQG -RKQ 6HOI ORRN IRU ZD\V WR PRGHO OHDUQLQJ ZLWKLQ D
∗,Q WKLV UHYLVLRQ WR 6WDKO۟V  GLDJUDP ۢVRFLDO NQRZOHGJH EXLOGLQJۣ VSOLWV LQWR ۢVPDOO JURXS LQWHU
DFWLRQۣ DQG ۢFRPPPXQLW\ NQRZOHGJH EXLOGLQJ ۣ DQG ZKDW ZDV IRUPHUO\ ۢSHUVRQDO EHOLHI ۣ LV QRZ ODEHOHG
ۢSHUVRQDO DࡉHQWLRQۣ 6WDKO 

i &ROODERUDWLYH NQRZOHGJH EXLOGLQJ
⋆⋆
⋆
)LJXUH  6WDKOڥV GLDJUDP RI IDFWRUV LQYROYHG LQ FROODERUDWLYH NQRZOHGJH EXLOGLQJ )LJXUH 
 IURP 7UDQVODWLQJ (XFOLG &UHDWLQJ D KXPDQFHQWHUHG PDWKHPDWLFV k  *HUU\ 6WDKO
XVHG ZLWK SHUPLVVLRQ DQQRWDWLRQV ⋆ DQG ⋆⋆ DGGHG WR LQGLFDWH WKH SRLQWV RI GHSDUWXUH
DQG DUULYDO IRU WKH WZR PDLQ F\FOHV
)LJXUH  2YHUYLHZ RI WKH *URXS ,QIRUPDWLFV 0RGHO )LJXUH  IURP ڨ*URXS LQIRUPDWLFV
$ PHWKRGRORJLFDO DSSURDFK DQG RQWRORJ\ IRU VRFLRWHFKQLFDO JURXS UHVHDUFKک k  6HDQ
*RJJLQV XVHG ZLWK SHUPLVVLRQ
&KDSWHU  /LWHUDWXUH 5HYLHZ
ۢFRQVWUXFWLYLVW PLQGVHWۣ ॡH FODVVLF DSSURDFK WR VWXGHQW PRGHOLQJ LQ LQWHOOLJHQW WXWRULQJ
V\VWHPV VHHNV WR FDSWXUH GRPDLQ NQRZOHGJH LQ FHUWDLQ REMHFWLYH UHSUHVHQWDWLRQV ZKLFK
WKH VWXGHQW LV WKHQ VXSSRVHG WR LQWHUQDOL]H ۙ WKH\ FLWH :HQJHU  DV DQ H[DPSOH $F
FRUGLQJ WR $NKUDV DQG 6HOI NQRZOHGJH LV DQ LQKHUHQWO\ SURFHVVEDVHG SKHQRPHQRQ WKDW
ۢFDQQRW EH REMHFWLYHO\ GHडQHG DQG VWDWLFDOO\ UHSUHVHQWHGۣ $NKUDV DQG 6HOI WKHUHIRU UHVWULFW
WKHPVHOYHV WR PRGHOLQJ WKH ۢFRQWH[Wۣ ۢDFWLYLW\ۣ DQG ۢWHPSRUDO IDFWRUVۣ RI OHDUQLQJ ,Q D
VXEVHTXHQW ZRUN WKH\ JR RQ WR DUJXH WKDW ۢLI \RX ZDQW WR WDNH D FRQVWUXFWLYLVW DSSURDFK
WKH ,76 IUDPHZRUN ZLOO QRW KHOS EHFDXVH RI WKH GLठHUHQW LVVXHV DGGUHVVHGۣ $NKUDV 	 6HOI
 &RPPHQWDWRUV 0LFKDHO <RXQJ HW DO  XVH $NKUDV DQG 6HOI DV D ODXQFK SRLQW
WR FDOO IRU WKH FRQVLGHUDWLRQ RI WKH PXOWLGLPHQVLRQDO QRQOLQHDU G\QDPLFV DVVRFLDWHG ZLWK
OHDUQLQJ LQWHUDFWLRQV ۙ D SHUVSHFWLYH WKDW LV TXLWH V\PSDWKHWLF WR WKH SDUDJRJLFDO YLHZ
ࢌH PXOWLGLPHQVLRQDO =RQH RI 3UR[LPDO 'HYHORSPHQW $V FHUWDLQ EDVLF SURE
OHPV JHW HDVLHU WR VROYH SHRSOH PRYH RQ WR PRUH GLਜ਼FXOW RQHV ॡLV SULQFLSOH LV SHUKDSV
EHVW VWXGLHG ZLWKLQ WKH ਖ਼HOG RI FKLOG SV\FKRORJ\ ZKHUH LW ZDV IRUPDOL]HG E\ /HY 9\JRW
VN\ DV WKH =RQH RI 3UR[LPDO 'HYHORSPHQW
D VSKHUH IRUPHG E\ WKH DJJUHJDWH RI YHFWRUV WKDW SDVV WKURXJK D ڤSRLQWڥ RI GLणFXOW\ DQG
WKDW GHOLQHDWH D FKLOGڥV GLYHUVH SRVVLEOH DUHDV RI GHYHORSPHQW =DUHWVNLL 
:KHQ WKH OHDUQHU PRYHV ZLWKLQ WKLV PXOWLGLPHQVLRQDO ۢ]RQHۣ KH RU VKH PD\ RYHUFRPH
SDUWLFXODU GLਜ਼FXOWLHV ZLWK WKH KHOS RI FRPSHWHQW RWKHUV 2QFH D JLYHQ FKDOOHQJH FDQ
EH VDWLVIDFWRULO\ PHW ZLWK KHOS LW FDQ R॑HQ ODWHU EH PDQDJHG LQGHSHQGHQWO\ 2I FRXUVH
ZH GR QRW DVVXPH WKDW VRFLDO LQWHUDFWLRQV SHU VH ZLOO DOZD\V KDYH D SRVLWLYH H੘HFW RQ
GHYHORSPHQW RU OHDUQLQJ +RJDQ 	 7XGJH  S  ,Q SDUWLFXODU ZH FDQQRW H[SHFW
WKDW D JLYHQ SHHU ZLOO KDYH WKH VNLOOV RU VHQVLWLYLWLHV QHHGHG WR KHOS QDYLJDWH DQGPDLQWDLQ
WKH =3' RI DQRWKHU LELG S  ॡH PXOWLGLPHQVLRQDO =RQH RI 3UR[LPDO 'HYHORSPHQW
SURYLGHV D VDWLVI\LQJ JHQHUDOL]DWLRQ RI WKH EDVLF IRUP GHVFULEHG E\ 6WDKO VHH )LJXUH 
DQG 7DEOH  DERYH %RWK V\VWHPV DUH UHPLQLVFHQW RI WKH PLFURVSKHUH GHਖ਼QHG E\ 3HWHU
6ORWHUGLMN ZKRVH NH\ IHDWXUH LV LWV ELFHQWHUHG QDWXUH DQG ZKRVH EDVLF SDUDGLJP LV OLIH
LQ WKH ZRPE 6ORWHUGLMN  S 
ࢌH HPHUJHQFH RI PDWKHPDWLFDO PHDQLQJ &REE DQG %DXHUVIHOG  SUHVHQW DQ
HGLWHG YROXPH FRQWDLQLQJ VHYHUDO GHWDLOHG DQDO\VHV RI FODVVURRPEDVHG WHDFKLQJ DQG
OHDUQLQJ SUDFWLFHV ॡH IRFXV LV RQ H[DPLQLQJ ZKDW KDSSHQV ZKHQ WKH WHDFKHU VKL॑V
IURP D SHGDJRJ\ UHYROYLQJ DURXQG WHDFKLQJ ZKDW LV VHHQ DV WKH FRUUHFW ZD\ WR WKLQN
DERXW WKLQJV WR SHGDJRJ\ ZKHUH WKH WHDFKHU LV RU WULHV WR EH JHQXLQHO\ LQWHUHVWHG LQ
WKH ZD\ VWXGHQWV WKLQN DV ZHOO )RU H[DPSOH VWXGHQWV DUH HQFRXUDJHG WR FRPH XS ZLWK
WKHLU RZQ ZD\V WR DGG QXPEHUV OLNH यर DQG रऱ ,Q DGGLWLRQ WR WKH WUDGLWLRQDO VWUDWHJ\ RI
OLQLQJ XS WKH QXPEHUV LQ FROXPQV DQG FDUU\LQJ GLJLWV RQH PLJKW URXQG GRZQ WR यय SOXV

i ࢌH HFRORJLFDO DSSURDFK LQ OHDUQLQJ GHVLJQ
रय VHH WKDW WKLV LV WKH VDPH DV रप×ब DQG DGG EDFN WKH  SRLQWV IURP URXQGLQJ DW WKH HQG
2U RQH PLJKW ZRUN WKH VXP DV (यप + र) + (रप + ऱ) ,I QRW OLPLWOHVV WKH YDULHWLHV RI PDWK
HPDWLFDO H[SHULHQFH DUH DW OHDVW KLJKO\ GLYHUVH DQG LW VHHPV WKH WHDFKHU PXVW TXLFNO\
PXVWHU VRPH SDWLHQFH WR GHDO ZLWK WKH HQWKXVLDVWLF FUHDWLYLW\ RI KHU SXSLOV ZKLOH DOVR
UHPHPEHULQJ WR HQFRXUDJH WKHP WR UHਗ਼HFW RQ RQH DQRWKHU۟V LGHDV ॡLV DSSHDUV WR EH
DQ H੘HFWLYH ZD\ WR WHDFK PDWKHPDWLFDO FUHDWLYLW\ +RZHYHU RQH ZRQGHUV KRZ PXFK
LQWHUHVW WKH VWXGHQW DQVZHUV UHDOO\ KDYH IRU WKH WHDFKHU HVSHFLDOO\ D॑HU WKH FXUULFXOXP
KDV EHHQ UXQ VHYHUDO WLPHV ,ODQD +RUQ XQGHUVFRUHV WKDW ۢ>W@KH IRFXV RQ VWXGHQW WKLQNLQJ
UHTXLUHV D JHQXLQH FXULRVLW\ DERXW \RXQJ SHRSOH DQG WKHLU LGHDVۣ +RUQ  5HODWLQJ
UHFHQW SHGDJRJLFDO H[SHULPHQWV LQ WKH -803 0DWK SURMHFW -RKQ 0LJKWRQ ZULWHV
5HVHDUFK KDV VKRZQ WKDW PDQ\ HOHPHQWDU\ WHDFKHUV >    @ DUH PDWKSKRELF RU KDYH
YHU\ UXGLPHQWDU\ NQRZOHGJH RI PDWK >    @ ,Q IROORZLQJ WKH RQOLQH OHVVRQ SODQV >IURP
-803 0DWK@ WHDFKHUV OHDUQ WKH PDWK DV WKH\ WHDFK 0DQ\ KDYH EHFRPH H[FLWHG DERXW
WKHLU QHZ XQGHUVWDQGLQJ RI WKH VXEMHFW DQG KDYH IRUPHG YROXQWHHU QHWZRUNV WR VXSSRUW
DQG PHQWRU RWKHU WHDFKHUV 0LJKWRQ 
ॡHVH H[DPSOHV LOOXVWUDWH D YLHZ RI PDWKHPDWLFV HGXFDWLRQ LQ ZKLFK SHHU SHGDJRJ\ DQG
SDUDJRJ\ DUH SRWHQWLDOO\ FRPSDWLEOH IHDWXULQJ RQJRLQJ DFWLYH DQG FUHDWLYH OHDUQLQJ
IRU DOO LQYROYHG ॡH HPHUJHQFH RI PDWKHPDWLFDO PHDQLQJ JRHV DORQJ ZLWK WKH IRUPD
WLRQ RI QHZ SUDFWLFHV IRU H[DPSOH H੘HFWLYH SUDFWLFHV RI PHWDFRJQLWLRQ DV GHVFULEHG E\
$ODQ 6FKRHQIHOG >i S @ ۙ DQG PD\ EH DFFRPSDQLHG E\ QHZ VRFLDO DUUDQJHPHQWV DV
GHVFULEHG E\ 0LJKWRQ ,QGHHG WKH VRFLDO LQ 0HDG۟V VHQVH RI DQ XQVWDEOH ۢEHWZL[W DQG
EHWZHHQۣ >i S @ WHQGV WR EH ZHOO H[HPSOLਖ਼HG LQ OHDUQLQJ FI 'HOHX]H  S 
ॡH IROORZLQJ VHFWLRQ HPSKDVL]HV WKH UROH HPHUJHQFH FDQ SOD\ LQ WKH FRFUHDWLRQ RI DQ
HQYLURQPHQW WKDW PHHWV WKH SUR[LPDOO\GHYHORSPHQWDO QHHGV RI WKH SHHU OHDUQHU ZKRVH
QRWMXVWHQF\FOLFDO OHDUQLQJ VW\OH KDV EHHQ WUDFHG DERYH
 ࢌH HFRORJLFDO DSSURDFK LQ OHDUQLQJ GHVLJQ
ۢॡH (FRORJLFDO $SSURDFK WR WKH 'HVLJQ RI (/HDUQLQJ (QYLURQPHQW 3XUSRVHEDVHG
&DSWXUH DQG 8VH RI ,QIRUPDWLRQ $ERXW /HDUQHUVۣ LV D SDSHU E\ *RUGRQ 0F&DOOD WKDW
WDONV DERXW KRZ WR XVH LQWHUDFWLRQ GDWD WR KHOS EXLOG D OHDUQLQJ HQYLURQPHQW 0F&DOOD
 0F&DOOD GRHV QRW XVH WKH ZRUG ۢVWLJPHUJ\ۣ LQ WKLV SDSHU EXW KLV YLHZ RI PHGLDWHG
LQWHUDFWLRQ PDWFKHV WKDW GHਖ਼QLWLRQ ZHOO LI ZH XQGHUVWDQG VWLJPHUJ\ WR PHDQ
>7@KH XVH RI HQYLURQPHQWDO FRQGLWLRQV DV LQVWLJDWRUV RI DFWLRQ DQG WKH RYHUDOO DELOLW\
RI WKH JURXS WR SHUIRUP SUREOHPVROYLQJ DFWLYLW\ WKDW H[FHHGV WKH NQRZOHGJH DQG WKH
FRPSXWDWLRQDO VFRSH RI HDFK LQGLYLGXDO PHPEHU &ODUN  S 
$ NH\ SDUW RI 0F&DOOD۟V YLHZ LV WKDW WKH V\VWHP DGDSWV DV LWV H[WHUQDO HQYLURQPHQW

&KDSWHU  /LWHUDWXUH 5HYLHZ
FKDQJHV ZKHUH LWV ۢH[WHUQDO HQYLURQPHQW LQFOXGHV OHDUQHUV WHDFKHUV WKH VXEMHFW PDࡉHU
EHLQJ OHDUQHG DQG WKH WHFKQRORJ\ WKDW LPSOHPHQWV WKH HOHDUQLQJ V\VWHPۣ 6XFK D SHUVSHF
WLYH LV LQ OLQH ZLWK WKH EURDGHU HPHUJHQWLVW DSSURDFK LQ FRJQLWLYH VFLHQFH DQG URERWLFV
LQ ZKLFK V\VWHPV DUH SURJUDPPHG GLUHFWO\ E\ WKH HQYLURQPHQW DQG FDQ PDNH XVH RI
HQYLURQPHQWDO IHDWXUHV IRU SXUSRVHV RI VHOISURJUDPPLQJ &ODUN 
ॡH LGHD LQ0F&DOOD۟VPRGHO LV WR HQJLQHHU V\VWHPV WKDW FDQ FDSWXUH LQIRUPDWLRQ DERXW
XVHUV DQG LQGLYLGXDO XVH HYHQWV 'DWD GHVFULELQJ XVH HYHQWV KDV HOVHZKHUH EHHQ JLYHQ WKH
FRQYHQLHQW QDPH ۢSDUDGDWDۣ WR GLVWLQJXLVK LW IURP ۢUHODWLYHO\ VWDWLF PHWDGDWDۣ 1DWLRQDO
6FLHQFH 'LJLWDO /LEUDU\ ∗
*UDGXDO ORFDOL]HG DFFXPXOD
WLRQ RI LQIRUPDWLRQ
)RFXV RQ LQIRUPDWLRQ DERXW WKH
HQG XVHU
3XUSRVHEDVHG XVH RI GDWD LQ
VXSSRUW RI D SUDJPDWLF ZHE
7DEOH  &ULWHULD IURP *RUGRQ
0F&DOOD
ॡHVH LGHDV FRDOHVFH LQWR D VFKHPH 7DEOH 
IRU FDSWXULQJ XVH GDWD UHODWHG WR OHDUQLQJ E\ ۢDW
WDFKLQJۣ D PRGHO RI WKH OHDUQHU WR HDFK REMHFW WKH
OHDUQHU XVHV ॡLV PRGHO LV FRQVLGHUHG WR KDYH
ۢFKDUDFWHULVWLFۣ DQG ۢHSLVRGLFۣ DVSHFWV PHWDGDWD
DERXW WKH XVHU DQG SDUDGDWD DERXW WKH VSHFLਖ਼F XVH
HYHQW ॡH GDWD LV WR EH XVHG E\ ۢSXUSRVHEDVHGۣ
GDWD FOXVWHULQJ DQG GDWD PLQLQJ DOJRULWKPV
*RRG FRQWULEXWLRQV DQG JRRG TXHVWLRQV 4	$ VLWHV PDNH UHDVRQDEO\ WUDQVSDUHQW
XVH RI SDUDGDWD XSYRWHV GRZQYRWHV DQG DFFHSWHG DQVZHUV DV ZHOO DV HGLWLQJ EHKDYLRU
WR DZDUG SRLQWV DQG EDGJHV RI PDUNHUV RI SURJUHVV ॡH\ SURYLGH D FRQFUHWH H[DPSOH
RI PDUNHUEDVHG VWLJPHUJ\ LQ DFWLRQ DQG D SDUWLDO LPSOHPHQWDWLRQ RI 0F&DOOD۟V YLVLRQ
6LQFH SUDJPDWLFV LV DW LVVXH LW۟V ZRUWK DVNLQJ ZKDW PDNHV D JRRG FRQWULEXWLRQ RQ D
4	$ VLWH" ॡH ਖ਼UVW EDVLF ਖ਼QGLQJ LV WKDW JRRG RQOLQH FRQWULEXWLRQV WHQG WR PLUURU JRRG
RੜLQH FRQWULEXWLRQV 7DXVF]LN DQG 3HQQHEDNHU  VKRZHG WKDW VWURQJ PDWKHPDWL
FLDQV DFFRUGLQJ WR RੜLQH PHWULFV DUH PRUH OLNHO\ WKDQ RWKHU SDUWLFLSDQWV WR DVN KLJKO\
UDWHG TXHVWLRQV RQ WKH PDWKHPDWLFV UHVHDUFK 4	$ VLWH 0DWK2YHUਗ਼RZ $QGHUVRQ +XW
WHQORFKHU HW DO  H[DPLQHG 0DWK2YHUਗ਼RZ۟V ELJ VLVWHU 6WDFN 2YHUਗ਼RZ DQG IRXQG
WKDW TXHVWLRQV WKDW DSSHDU WRJHWKHU ZLWK PXOWLSOH GL੘HUHQW DQVZHUV EULQJV ODVWLQJ YDOXH
WR WKH VLWH $QRWKHU VWULNLQJ ਖ਼QGLQJ ZDV WKDW WKH HYHQWV WKDW WDNH SODFH ZLWKLQ WKH ਖ਼UVW
KRXU D॑HU D TXHVWLRQ LV SRVWHG DUH UHOLDEOH SUHGLFWRUV RI LWV VXEVHTXHQW LQWHUHVW XS WR D
\HDU ODWHU
5Hਗ਼HFWLQJ RQ KHU H[SHULHQFHV ZLWK VWXGHQWV LQ DQ RੜLQH VH॔LQJ $OLVRQ .LQJ 
FDSWXUHV WKH HVVHQWLDO PHVVDJH ۢWKRXJKWSURYRNLQJ TXHVWLRQV SURPRWH KLJKOHYHO GLVFXV
VLRQ ZKLFK KDV EHHQ IRXQG WR UHVXOW LQ KLJKOHYHO OHDUQLQJۣ .LQJ GLYLGHV TXHVWLRQV LQWR
WZR FDWHJRULHV FRPSUHKHQVLRQ TXHVWLRQV ۙZKLFK VHHPZHOOVXLWHG WR GHDOLQJZLWK IDFWXDO
∗ॡH WHUP ۢSDUDGDWDۣ ZDV SUHYLRXVO\ XVHG LQ DQ DSSUR[LPDWHO\ VLPLODU PDQQHU LQ WKH FRQWH[W RI VXUYH\
EDVHG UHVHDUFK VHH 6Dਖ਼U HW DO 

i ࢌH HFRORJLFDO DSSURDFK LQ OHDUQLQJ GHVLJQ
PDWHULDO ۙ DQG FRQQHFWLRQ RU LQWHJUDWLRQ TXHVWLRQV ZKLFK DUH PRUH VXLWHG WR DQDO\]LQJ
DQG LQWHJUDWLQJ LGHDV &RPELQLQJ WKHVH ZLWK VWUDWHJLF TXHVWLRQV SHHU OHDUQHUV FDQ WDFNOH
LOOVWUXFWXUHG SUREOHPV
6WLOO PRUH PDWKHPDWLFDO PHDQLQJ 2QH FDQ ORRN IRU PHDQLQJ WKURXJKRXW D ZLGH
UDQJH RI DFWLRQV DQG LQWHUDFWLRQV IRU H[DPSOH VROYLQJ D SUREOHP DVNLQJ D TXHVWLRQ
DQG JLYLQJ RU UHFHLYLQJ D KLQW ॡHVH DFWLYLWLHV PD\ KDYH IXUWKHU VXEMHFWLYH IHDWXUHV LQ
FOXGLQJ ۢSURFHVVLQJ OHYHOۣ ۢTXDOLW\ RI VHOIH[SODQDWLRQۣ DQG ۢLQWHUHVW LQ H[SORUDWLRQۣ +R
VHLQ  5HODWLRQDO RU FRQWH[WXDO IHDWXUHV RI EHKDYLRU DUH OLNHO\ WR EH SDUWLFXODUO\
VLJQLਖ਼FDQW &KDQ /HH DQG YDQ $DOVW  GUDZLQJ RQ 6FDUGDPDOLD  GHVFULEHG
ۢ:RUNLQJ DW WKH FXࡉLQJ HGJHۣ ۢ&ROODERUDWLYH HठRUWۣ DQG ۢ,GHQWLI\LQJ KLJK SRLQWV LQ WKH
GLVFRXUVHۣ ॡHUH DUH PDQ\ ZD\V LQ ZKLFK WKLV VRUW RI GLVWULEXWHG FROODERUDWLRQ FDQ EH
UHFRJQL]HG DQG SHUVLVWHG WR DGG YDOXH WR D UHVRXUFH FI&RUQHOL DQG0LNUR\DQQLGLV 
6WLFNLQJ WKLQJV WRJHWKHU ۢ/RFDO VROXWLRQV WR ORFDO SUREOHPVۣ LV WKH ZDWFKZRUG IRU (OL
QRU 2VWURP۟V WKHRU\ RI FRPPRQV JRYHUQDQFH 2VWURP %XUJHU )LHOG 1RUJDDUG 	 3ROL
FDQVN\  /RFDO IHDWXUHV DUH DOVR LPSRUWDQW LQ 0F&DOOD۟V SURSRVDO WR LPSOHPHQW HG
XFDWLRQDO V\VWHPV XVLQJ ORFDOL]HG DFFXPXODWLRQ RI LQIRUPDWLRQ 0DUWLQ 1RZDN۟V ZRUN
LV WUHPHQGRXVO\ XVHIXO EHFDXVH LW SRLQWV WR D NLQG RI JOXH ۙ ۢFRRSHUDWLRQۣ ۚ WKDW FDQ EH
XVHG WR VWLFN ORFDO UHJLPHV WRJHWKHU 1RZDN  1RZDN۟V ਖ਼YH UXOHV IRU WKH HYROXWLRQ
RI FRRSHUDWLRQ DUH TXLWH VLPSOH
 &RRSHUDWH ZLWK DJHQWV WR ZKRP \RX DUH VXग़FLHQWO\ UHODWHG
 &RRSHUDWH ZLWK DJHQWV ZKR KHOS \RX
 &RRSHUDWH ZKHQ LW LPSURYHV \RXU UHSXWDWLRQ
 &RRSHUDWH ZLWK DJHQWV LQ \RXU ORFDOH
 &RRSHUDWH ZLWK DJHQWV LQ D GHVLJQDWHG ڛJURXSڜ WKDW \RX EHORQJ WR
$ SUDJPDWLF ZHE .LQJ۟V  GLVFRXUVH SD॔HUQV IRU FROODERUDWLYH LQTXLU\ SURYLGH
D VLPSOH LPSOHPHQWDWLRQ RI ۢWKH JUDGXDO ORFDOL]HG DFFXPXODWLRQ RI LQIRUPDWLRQ >    @ LQ
VXSSRUW RI D ڤSUDJPDWLF ZHEڥۣ )ROORZLQJ *HHUW] ZH PLJKW DFFHSW D PRUH W\SLFDO QDPH
IRU WKLV VRUW RI WHFKQRORJ\ ۢFXOWXUHۣ *HHUW]  S 
ॡH QH[W VHFWLRQ H[DPLQHV WKH SUDFWLFDO IHDWXUHV RI FXOWXUH IRUPDWLRQ LQ SHHU SUR
GXFWLRQ FRPPXQLWLHV ZKHUH NQRZOHGJH LV QR OHVV ۢORFDOL]HG HPEHGGHG DQG LQYHVWHG LQ
SUDFWLFHۣ WKDQ LQ WKH FRUUHVSRQGLQJ FDVH RI ਖ਼UPV &DUOLOH  ۙ EXW ZKHUH ۢLQWHJUDWLQJ
GHYLFHVۣ DQG ۢUHSUHVHQWDWLRQDO FDSDFLW\ۣ DUH SHUIRUFH PRUH H[SOLFLWO\ DUWLਖ਼FLDO

&KDSWHU  /LWHUDWXUH 5HYLHZ
 $UFKLWHFWXUHV IRU FROODERUDWLRQ
,Q $DURQ .URZQH۟V RYHUYLHZ RI WKH SULQFLSOHV WKDW LQIRUPHG WKH GHVLJQ RI 3ODQHW0DWK
LQ LWV RULJLQDO LQFDUQDWLRQ KH VWDWHV
ࡍH EDVLF XQLYHUVDO JRDOV RI GLJLWDO OLEUDULHV DUH WR SURYLGH D ORJLFDOO\ RUJDQL]HG FRQ
YHQLHQWO\ DFFHVVLEOH DQG LI SRVVLEOH HDVLO\ DFWLRQDEOH FROOHFWLRQ RI GLJLWL]HG NQRZO
HGJH LQ VRPH डHOG RU डHOGV IRU DQ DXGLHQFH RI OHDUQHUV
.URZQH ४ RULJLQDO HPSKDVLV
$V ZH۟YH UHWUDFHG KLV VWHSV LQ WKH 3ODQHWDU\ SURMHFW ZH۟YH KDG WKH RSSRUWXQLW\ WR
UHH[DPLQH WKH KXJH DPRXQW RI R॑HQ SLRQHHULQJ WHFKQLFDO ZRUN WKDW ZHQW LQWR 1R¸
VSKHUH ॡLV ZRUN ZDV QHYHUWKHOHVV ۢRI DQ HUDۣ ۙ DQ HUD WKDW FDQ EH XQGHUVWRRG PRUH
FRPSOHWHO\ ZLWK UHIHUHQFH WR WZR RWKHU &%33UHODWHG SURMHFWV WKDW VWDUWHG DURXQG WKH
VDPH WLPH :LNLSHGLD0HGLD:LNL %DUUH॔  DQG 'UXSDORUJ'UXSDO 0HODQ©RQ HW
DO  ॡH NH\ SRLQW DV ZH UHਗ਼HFW EDFN RQ WKH IRXQGDWLRQV RI 3ODQHW0DWK LV WKDW
WKHUH ZDV D FHUWDLQ ZD\ RI ZRUNLQJ DQG LQGHHG D FHUWDLQ WKHRU\ RI FROODERUDWLRQ LPSOLFLW
WKH HDUO\ DUFKLWHFWXUH ॡH PRVW QRWLFHDEOH WHQHWV RI WKLV WKHRU\ ZHUH DVVRFLDWHG ZLWK
SUDFWLFHV IRU ۢKRPHVWHDGLQJ WKH QRRVSKHUHۣ 5D\PRQG  ۙ QDPHO\ REMHFW RZQHUVKLS
DQG WKH FRUUHFWLRQV V\VWHP ॡHVH IHDWXUHV VHW 3ODQHW0DWK DSDUW IURP:LNLSHGLD DQG VLW
XDWH LW FORVHU WR WKH W\SLFDO SUDFWLFHV DVVRFLDWHG ZLWK RSHQ VRXUFH VR॑ZDUH∗ 3ODQHW0DWK
:LNLSHGLD DQG 'UXSDORUJ DUH DOO FRQFUHWH H[DPSOHV RI ODUJH SRVWPRGHUQ RUJDQL]DWLRQV
EXLOW E\ PDQ\ LQGLYLGXDOV ZKR DUH DV\QFKURQRXVO\ XSGDWLQJ D VKDUHG GDWDEDVH ॡH
VR॑ZDUH V\VWHPV EHKLQG WKH ZHEVLWHV GHਖ਼QH DQG GHOLPLW PDQ\ RI WKH FRQQHFWLRQV DQG
ERXQGDULHV EHWZHHQ SHRSOH WRSLFV DQG JRDOV FI 6LHPHQV  6WDU 	 *ULHVHPHU

%XLOGLQJ ODUJH NQRZOHGJH EDVHV E\PDVV FROODERUDWLRQ ॡH IUDPHZRUN SUHVHQWHG
LQ 7DEOH  FRPHV IURP 0D॔ 5LFKDUGVRQ DQG 3HGUR 'RPLQJRV  ZKR ZURWH DERXW
WKH SDUWLFXODU FKDOOHQJHV RI EXLOGLQJ ODUJH NQRZOHGJH EDVHV WKURXJK D SURFHVV RI PDVV
FROODERUDWLRQ ॡH\ DOVR SURSRVH D VSHFLਖ਼F DSSURDFK WR WKLV SUREOHP ZKLFK FDQQRW EH
JLYHQ WKH VDPH OHYHO RI DFFODPDWLRQ DV WKHLU WKHRUHWLFDO IUDPHZRUN LW LV KDUG WR LPDJLQH
LQSX॔LQJ UXOHV DQG IDFWV DV +RUQ FODXVHV DV D SDUWLFXODUO\ SRSXODU SDVWLPH ॡH IUDPH
ZRUN FDQ EH XVHIXOO\ DSSOLHG WR GHVFULEH WKH SURFHVV RI ۢEXLOGLQJ D GLJLWDO OLEUDU\ WKH
FRPPRQVEDVHG SHHU SURGXFWLRQ ZD\ۣ .URZQH ४ DQG E\ H[WHQVLRQ XVHG DV D OHQV
IRU H[DPLQLQJ WKH VRFLDOWHFKQLFDOFRPSXWDWLRQDO V\VWHPV WKDW GR SHHU SURGXFWLRQ
.URZQH۟V SDSHU VKRZV WKDW D GLVWULEXWHG DSSURDFK FDQ GLUHFWO\ KHOS WR VDWLVI\ WKH
FULWHULD OLVWHG E\ 5LFKDUGVRQ DQG 'RPLQJRV )RU H[DPSOH ZKHQ FRPSDUHG ZLWK D FHQ
WUDOL]HG DSSURDFK FRPPRQVEDVHG SHHU SURGXFWLRQ FDQ KHOS ZLWK UHOHYDQFH LQVRIDU DV
∗&I ?iiT,ff/`mTHXQ`;fT`QD2+ifT`QD2+iTTHB+iBQMb

i $UFKLWHFWXUHV IRU FROODERUDWLRQ
5HOHYDQFH ,Q D GLVWULEXWHG VHࡉLQJ HQVXULQJ WKDW WKH NQRZOHGJH FRQWULEXWHG LV UHOH
YDQW ڟ DQG WKDW YROXQWHHUVڥ HठRUW LV SURGXFWLYH ڟ LV D >    @VLJQLडFDQW SUREOHP
ࢋDOLW\ (QVXULQJ WKH TXDOLW\ RI NQRZOHGJH FRQWULEXWHG E\ PDQ\ GLठHUHQW VRXUFHV
ZKHQ OLࡉOH LV NQRZQ DERXW PRVW RI WKHP LV OLNHO\ WR EH YHU\ GLणFXOW
6FDODELOLW\ 7R DFKLHYH LWV IXOO SRWHQWLDO D FROOHFWLYH NQRZOHGJH EDVH PXVW EH DEOH WR
DVVLPLODWH WKH ZRUN RI DQ DUELWUDULO\ ODUJH QXPEHU RI FRQWULEXWRUV ZLWKRXW WKH QHHG IRU
FHQWUDOL]HG KXPDQ VFUHHQLQJ FRRUGLQDWLRQ RU FRQWURO EHFRPLQJ D ERࡉOHQHFN
&RQVLVWHQF\ $V WKH NQRZOHGJH EDVH JURZV LQ VL]H PDLQWDLQLQJ FRQVLVWHQF\ EHWZHHQ
NQRZOHGJH HQWHUHG E\ GLठHUHQW FRQWULEXWRUV RU HYHQ E\ WKH VDPH FRQWULEXWRU DW GLठHUHQW
WLPHV EHFRPHV LQFUHDVLQJO\ GLणFXOW
0RWLYDWLRQ )ROORZLQJ WKH H[DPSOH RI RSHQVRXUFH VRࡆZDUH FROOHFWLYH NQRZOHGJH
EDVHV VKRXOG DOORZ XVHUGHYHORSHUV WR HQWHU NQRZOHGJH WKDW LV डUVW RI DOO UHOHYDQW WR
VROYLQJ WKHLU RZQ SUREOHPV
7DEOH  &ULWHULD IURP 5LFKDUGVRQ DQG 'RPLQJRV
>.@QRZOHGJH LV GLVWULEXWHG XQHYHQO\ DQGRU ZLGHO\ D FHQWUDOL]HG HठRUW FDQ EH LQढH[
LEOH H[SHUWV PD\ EH WRR EXV\ ZLWK RWKHU ZRUN WR FRPPLW HQWLUHO\ DQG GLJLWDO OLEUDU\
EXLOGHUV WKHPVHOYHV DUH QRW H[SHUWV .URZQH ४
ࢌH DUFKLWHFWXUH RI WKHRULHV 7R EH॔HU XQGHUVWDQG WKH WKHRU\ RI FROODERUDWLRQ XQGHU
O\LQJ VLWHV OLNH 3ODQHW0DWK LW LV XVHIXO WR HQOLVW WKH KHOS RI &KDUOHV 6 3HLUFH ZKR EHJDQ
KLV  SDSHU RQ ۢॡH DUFKLWHFWXUH RI WKHRULHVۣ ZLWK D FULWLTXH RI WKRVH WKHRULHV EXLOW
IURP RQH LGHD DV LI WKH\ ZHUH ۢKRXVHV PDGH RI SDSHUۣ 3HLUFH  ॡLV ZRXOG VHHP WR
EH DQ HVSHFLDOO\ LPSRUWDQW SRLQW IRU WKHRULVWV RI PHGLDWHG FROODERUDWLRQ WR FRQVLGHU $
PRUH UHFHQW FULWLTXH IRFXVHG RQ RYHUO\FRQVWUDLQHG SDUDGLJPV IRU WKH OHDUQLQJ WHFKQRO
RJ\ VHFWRU ZDV DGYDQFHG E\ %HUQDUG /LVHZVNL DQG 3DXO -R\FH  ZKR DUJXHG WKDW
ۢWKHUH DUH LQKHUHQW GDQJHUV LQ WKHP EHFRPLQJ WRR GRPLQDQW D GLVFRXUVHۣ RU ۢJUDQG QDUUD
WLYHۣ ॡH\ UHSXGLDWH WKH XQFULWLFDO XVH RI WKHRUHWLFDO V\VWHPV 7DEOH  VKRZV KRZ WKH
IUDPHZRUN SURSRVHG E\ 5LFKDUGVRQ DQG 'RPLQJRV DSSOLHV WR WKH V\VWHPV LQ RSHUDWLRQ DW
3ODQHW0DWK :LNLSHGLD DQG 'UXSDORUJ ॡLV WDEOH R੘HUV UHDVVXUDQFH WKDW HDFK SURMHFW
KDV VHYHUDO LPSRUWDQW FRQWULEXWLQJ LGHDV (YHQ VR D V\VWHP QHHGV WR NHHS HYROYLQJ LQ
RUGHU QRW WR EHFRPH PRQROLWKLF FI 3HLUFH 
'LFWLRQDU\ YV (QF\FORSHGLD 8PEHUWR (FR  WDONV DERXW ZUL॔HQ ZRUNV WKDW DUH
RUJDQL]HG DORQJ WKH PRGHO RI WKH 3RUSK\U\ WUHH DQG ZRUNV WKDW DUH RUJDQL]HG DORQJ
WKH PRGHO RI WKH UKL]RPH RU ODE\ULQWK HFKRLQJ 'HOHX]H 	 *XD॔DUL  SS ۙ
(OVHZKHUH 'HOHX]H HPSKDVL]HV WKH DVVRFLDWLRQDO DVSHFWV RI FXOWXUDO V\VWHPV

&KDSWHU  /LWHUDWXUH 5HYLHZ
3ODQHW0DWK :LNLSHGLD 'UXSDORUJ
5
HO
HY
DQ
FH
5HOHYDQFH GHSHQGV RQ
SHHU UHYLHZ DQG LUUHO
HYDQW FRQWHQW PD\ EH
GHOHWHG ॡH PHFKDQLVPV
WKDW ZRXOG HQVXUH WKDW
UHOHYDQW FRQWHQW ZLOO EH
DGGHG QHHG LPSURYHPHQW
3HRSOH FRQWULEXWH DUWLFOHV
DERXW ZKDW WKH\۟UH LQWHU
HVWHG LQ DSDUW IURP WKLV
UXOHV OLNH :3:(,*+7
FRPH LQWR SOD\
$Q\RQH FDQ XSORDG
SURMHFWV DOWKRXJK ۢIXOO
SURMHFWV ۣ UHTXLUH RQH
WLPH DSSURYDO &KDQJHV
WR WKH FRUH UHTXLUH PRUH
YH॔LQJ
ࢋ
DO
LW\
ॠDOLW\ FRQWURO LV KDQGOHG
ZLWK FRUUHFWLRQV DQG WKH
ۢRUSKDQLQJۣ PHFKDQLVP
LQ FDVH RI QRQUHVSRQVLYH
DXWKRUV 6RPH DUWLFOHV
DUH ZRUOGZULWHDEOH DV LQ
WKH ZLNL PRGHO
$XWRPDWHG WRROV IRU VSDP
DQG YDQGDOLVP GHWHFWLRQ
FRPELQHG ZLWK D V\VWHP
RI HGLWRULDO RYHUVLJKW LQ
ZKLFK -LPP\ :DOHV KDV
ODVW VD\
,Q DGGLWLRQ WR EXJ UHSRUWV
DQG IHDWXUH UHTXHVWV
KDQGOHG WKURXJK WKH
LVVXH WUDFNHU PRGXOHV
FDQ PDNH XVH RI DQ
DXWRPDWHG SDWFK WHVWLQJ
V\VWHP
6F
DO
DE
LOL
W\
3HHU UHYLHZ LV GLVWULEXWHG
/LQNV DUH KDQGOHG DXWR
PDWLFDOO\ &DFKLQJ LV
GHSOR\HG ZKHUH UHOHYDQW
LQ SDUWLFXODU LQWHUOLQNLQJ
IHDWXUHV DUH NHSW XS WR
GDWH
ॡH GDWDEDVH DQG RWKHU
LQIUDVWUXFWXUH LV PDV
VLYHO\ VFDOHG ॡHUH DUH
PDQ\ ERWV WKDW KHOS ZLWK
VPDOO WDVNV
,Q WKHRU\ DQ\RQH FDQ
MRLQ (DUO 0LOHV 1<&
&DPS  NH\QRWH
ۢࡍHUH DUH QR LQVLGHUV
H[FHSW 'ULHV WKHUH DUH QR
RXWVLGHUV RQO\ UHVXPHVۣ
&
RQ
VL
VW
HQ
F\
$OWKRXJK DXWRPDWLF OLQNV
DQG FRUUHFWLRQV FDQ KHOS
ZLWK FRQVLVWHQF\ PDLQO\
30 UHOLHV RQ VWDQGDUGV IRU
SURRI DQG H[SRVLWRU\ TXDO
LW\
1329 LV WKH NH\ UXOH
ZKLFK ZRUNV WRJHWKHU
ZLWK WHPSODWHV DQG RWKHU
SURFHVV WRROV WR PDLQWDLQ
FRPPXQLW\ VWDQGDUGV
DERXW VW\OH DQG FRQWHQW
ॡH SURMHFW LVVXH TXHXHV
DUH WKH SODFH WR JR ZKHQ
RQH PRGXOH۟V FKDQJHV
EUHDNV DQRWKHU۟V ॡH
FRUH RI WKH SURMHFW KDV
FRQVLGHUDEOH RYHUVLJKW LQ
WKHVH PD॔HUV
0
RW
LY
DW
LR
Q 3HRSOH DUH VROYLQJ VRPH
RI WKHLU OHDUQLQJ H[SRVL
WLRQ DQG VRFLDO QHHGV RQ
WKH VLWH E\ ZULWLQJ DQG
UHYLHZLQJ DUWLFOHV DQG
SRVWLQJ LQ WKH IRUXPV
$V RI  RYHU  RI WKH
VLWH KDG EHHQ ZUL॔HQ E\
OHVV WKDQ  RI WKH XVHUV
WKHVH GD\V SDLG HGLWLQJ LV
VRPHZKDW QRWRULRXV
0LOHV FRQWLQXHG ۢ7R EXLOG
D UHVXPH डQG VRPHRQH
ZKR QHHGV KHOS DQG KHOS
WKHP )LQG VRPHWKLQJ WKDW
QHHGV GRLQJ GR LWۣ
7DEOH  &ULWHULD IURP 5LFKDUGVRQ DQG 'RPLQJRV DSSOLHG WR GHVFULEH WKUHH FRPPXQLWLHV
ZKHUH PDVV FROODERUDWLRQ KDSSHQV 3ODQHW0DWK :LNLSHGLD DQG 'UXSDORUJ
i %XLOGLQJ RQOLQH FRPPXQLWLHV
>+XPH@ JDYH WKH DVVRFLDWLRQ RI LGHDV LWV UHDO PHDQLQJ PDNLQJ LW D SUDFWLFH RI FXO
WXUDO DQG FRQYHQWLRQDO IRUPDWLRQV >    @ UDWKHU WKDQ D WKHRU\ RI WKH KXPDQ PLQG
+HQFH WKH DVVRFLDWLRQ RI LGHDV H[LVWV IRU WKH VDNH RI ODZ SROLWLFDO HFRQRP\ DHVWKHWLFV
DQG VR RQ 3HRSOH DVN IRU H[DPSOH ZKHWKHU LW LV HQRXJK WR VKRRW DQ DUURZ DW D VLWH LQ
RUGHU WR EHFRPH LWV RZQHU RU ZKHWKHU RQH VKRXOG WRXFK WKH VSRW ZLWK RQHڥV RZQ KDQG
ࡍLV LV D TXHVWLRQ DERXW WKH FRUUHFW DVVRFLDWLRQ EHWZHHQ D SHUVRQ DQG D WKLQJ IRU WKH
SHUVRQ WR EHFRPH WKH RZQHU RI WKH WKLQJ 'HOHX]H  RULJLQDO HPSKDVLV
,V 3ODQHW0DWK EHVW DSSURDFKHG DV DQ DVVRFLDWLRQLVW GLFWLRQDU\ RU DV D UKL]RPDWLF HQF\
FORSHGLD FI >i S @" ॡH VSHFLਖ਼F H[DPSOH RI RZQHUVKLSPHQWLRQHG DERYH LV TXLWH UHO
HYDQW LQ IRUPLQJ D SURJQRVLV )ROORZLQJ 5D\PRQG  RZQHUVKLS D॑HU WKH /RFNHDQ
SURSHUW\ PRGHO ZDV DQ LPSRUWDQW FRQVLGHUDWLRQ LQ WKH GHVLJQ RI 3ODQHW0DWK1R¸VSKHUH
.URZQH ३ S  $V -DPHV /HDFK H[SODLQV LQ WKH (QOLJKWHQPHQW WUDGLWLRQ D॑HU
/RFNH
+XPDQ VRFLHW\ LV EDVHG RQ WKH RZQHUVKLS RI SURSHUW\ DV UHODWLRQVKLSV EHWZHHQ LQGL
YLGXDOV FDPH LQWR EHLQJ EHFDXVH RI WKH DSSURSULDWLRQ RI UHVRXUFHV DQG WKH QHHG WR
LQVWLWXWLRQDOL]H WKDW DSSURSULDWLRQ /HDFK  S  RULJLQDO HPSKDVLV
ॡLV ZD\ RI WKLQNLQJ LV EDVHG RQ WKH ۢVHSDUDWLRQ RI VSLULW IURP PDࡉHU RI DSSURSULDWRU
IURP WKH VXEVWDQFH DSSURSULDWHGۣ /HDFK  S ∗ $V GHVFULEHG DERYH >i SS
@ WKLV NLQG RI WKLQNLQJ FDQ WUXQFDWH RU GLVWRUW LPSRUWDQW IHDWXUHV RI DGDSWLYLW\ ,I
ۢ>W@KH NQRZOHGJH QHHGHG WR PDNH ODQG SURGXFWLYH LV SDUW RI D FRPSOH[ DUUDQJHPHQW LQ VRFLDO
JURXSV DQG EHWZHHQ WKHP ZKHUHE\ ODQG DQG SHRSOH EHFRPH SDUWV RI RQH DQRWKHUۣ DQG LI
SHRSOH PRUH VR WKDQ SURSHUW\ DUH ۢWKH SURMHFWV RI RWKHU SHRSOHۣ WKHQ RQH ۢGLVWLQJXLVKHV
KLPVHOI DQG JDLQV DXWKRULW\ WKURXJK FRQQHFWLRQ QRW WKURXJK H[FOXVLYH FRQWUROۣ /HDFK
 SS ۙ $W WKH YHU\ OHDVW WKHUH DUH VRPH LGHDV KHUH ZRUWK FRQVLGHULQJ
ॡH QH[W VHFWLRQ WUHDWV RWKHU LVVXHV WR GR ZLWK UHODWLRQVKLS FRPPXQLW\ DQG PRWLYD
WLRQ WKDW KDYH UHOHYDQFH WR SDUDJRJ\
 %XLOGLQJ RQOLQH FRPPXQLWLHV
&RPPXQLWLHV DUH R॑HQ SODFHV ZKHUH VPDOOHU FRPPXQLWLHV IRUP DQG GLVVROYH DJDLQ
ZKHQ WKHLU SXUSRVH KDV EHHQ VHUYHG ۙ UHFDOO WKH VPDOO QDWXUDOO\ DV\QFKURQRXV JURXSV
RI *RJJLQV HW DO  2QH LQLWLDO K\SRWKHVLV WKDW FRXOG KHOS WR XQGHUVWDQG FRPPXQL
WLHV LV WKDW WKH\ DUH PRVW D॔UDFWLYH ZKHQ WKH\ ZRUN LQ D UHFXUVLYH IDVKLRQ LH KHDOWK\
FRPPXQLWLHV KHOS WKHLU SDUWLFLSDQWV WR GHYHORS VXEFRPPXQLWLHV ,Q ۢ3DUWLFLSDWLRQ LQ
DQ RQOLQH PDWKHPDWLFV FRPPXQLW\ۣ 7DXVF]LN DQG 3HQQHEDNHU  XVH D IUDPHZRUN
DGDSWHG IURP 'KRODNLD %DJR]]L DQG 3HDUR  WR GHVFULEH WKH UHDVRQV SHRSOH SDUWLF
LSDWH LQ WKH UHVHDUFKOHYHO RQOLQH PDWKHPDWLFV FRPPXQLW\ 0DWK2YHUਗ਼RZ 7DEOH 
∗ॠRWLQJ 3RFRFN  S 

&KDSWHU  /LWHUDWXUH 5HYLHZ
*HࡉLQJ LQIRUPDWLRQ
*LYLQJ LQIRUPDWLRQ
5HSXWDWLRQ EXLOGLQJ
5HODWLRQVKLS GHYHORSPHQW
5HFUHDWLRQ
6HOIGLVFRYHU\
&RQVWUXFWLYH )HHGEDFN
7DEOH  &ULWHULD IURP
7DXVF]LN DQG 3HQQHEDNHU
7DXVF]LN DQG 3HQQHEDNHU H[DPLQH HDFK RI WKHVH YDUL
RXV PRWLYDWLRQV XVLQJ 0DWK2YHUਗ਼RZ۟V EXLOWLQ VWLJPHU
JLF PHFKDQLVPV VFRUH GRZQYRWLQJ DFFHSWLQJ DQVZHUV
DQG FRPPHQWV WRJHWKHU ZLWK D WH[WXDO DQDO\VLV RI FRP
PHQWV FRQGXFWHG XVLQJ WKH /LQJXLVWLF ,QTXLU\ DQG :RUG
&RXQW /,:& PHWKRGRORJ\ 3HQQHEDNHU )UDQFLV 	
%RRWK  ZKLFK FRQQHFWV SV\FKRORJLFDOO\ PHDQLQJ
IXO ZRUGV WR DFWLYLWLHV UHSUHVHQWDWLYH RI HDFK PRWLYDWLRQ
ॡHLU ਖ਼QGLQJV UHSRUW WKDW ۢ>W@KH VWURQJHVW PRVW FRQVLVWHQW HYLGHQFH ZDV IRXQG IRU WKH
LPSRUWDQFH RI UHSXWDWLRQ EXLOGLQJ LQ HQFRXUDJLQJ FRQWULEXWLRQVۣ KRZHYHU WKHUH ZDV RQO\
ۢZHDN HYLGHQFH WKDW UHODWLRQVKLS EXLOGLQJ DFWHG DV DQ LQFHQWLYH WR FRQWULEXWHۣ DQG LQGHHG
WKDW LW ۢPD\ EH DQRWKHU IRUP RI UHSXWDWLRQ EXLOGLQJۣ 7DXVF]LN 	 3HQQHEDNHU 
ॡH\ HPSKDVL]H WKH PRWLYDWLQJ IHDWXUHV RI FRQFUHWH ۢVRFLDO EHQHडWVۣ VLPLODU WR %HQNOHU۟V
३  QRWLRQ RI ۢVRFLDOSV\FKRORJLFDO UHZDUGVۣ ॡH PRGHO XVHG RQ VLWHV OLNH 0DWK
2YHUਗ਼RZ VHHPV WR EH DQ XSGDWHG YHUVLRQ RI (ULF 5D\PRQG۟V  SHUVSHFWLYH KH VXV
SHFWHG WKDW ۢWKH UHSXWDWLRQJDPH JLࡆ FXOWXUH LV WKH JOREDOO\ RSWLPDO ZD\ WR FRRSHUDWH IRU
JHQHUDWLQJ >    @KLJKTXDOLW\ FUHDWLYH ZRUNۣ
ॡLV ZRXOG WHQG WR JR DJDLQVW WKH UHFXUVLYH K\SRWKHVLV DGYDQFHG DERYH 1HYHUWKHOHVV
IROORZLQJ %DWHVRQ LW LV FOHDU WKDW UHODWLRQVKLSV RI RQH IRUP RU DQRWKHU DUH UHTXLUHG LQ
RUGHU IRU 0DWK2YHUਗ਼RZ WR VXSSRUW OHDUQLQJ ॡH NH\ SRLQW LV WKDW WKHVH UHODWLRQVKLSV
PD\ EH ZKDW .DULQ .QRUU &HWLQD FDOOV ۢSRVWVRFLDOۣ .QRUU &HWLQD  UHODWLRQVKLSV
QRW ZLWK SHRSOH EXW ZLWK PDWKHPDWLFDO REMHFWV DQG D GLVWULEXWHG SURFHVV RI LQTXLU\
3HUVRQDO PRWLYDWLRQV 'DQLHO 3LQN  EHOLHYHV WKDW H[WHUQDO UHZDUGV DUH R॑HQ
VLPSO\ GLVWUDFWLRQV DQG SURSRVHV D WKHRU\ RI PRWLYDWLRQ EDVHG RQ ۢDXWRQRP\ۣ ۢPDV
WHU\ۣ DQG ۢSXUSRVHۣ ॡRPDV 0DORQH  DGYDQFHV D UHODWHG IUDPHZRUN IRU EXLOGLQJ
PRWLYDWLQJ OHDUQLQJ DFWLYLWLHV EDVHG RQ HOHPHQWV RI ۢIDQWDV\ۣ ۢFKDOOHQJHۣ DQG ۢFXULRVLW\ۣ
%XLOGLQJ QHZ RQOLQH FRPPXQLWLHV (YHQ LI DOO XVHUV DUH QRW PRWLYDWHG WR SDUWLFLSDWH
LQ FRPPXQLW\EXOLGLQJ DFWLYLWLHV VRPH DUH ۙ DQG VRPH PD\ SDUWLFLSDWH HYHQ ZLWKRXW DQ
H[SOLFLW PRWLYDWLRQ ,W LV ZRUWK PHQWLRQLQJ VRPH SRLQWV RI DOLJQPHQW EHWZHHQ 7DEOH
 SDUWLFXODUO\ UHSXWDWLRQ EXLOGLQJ DQG UHODWLRQVKLS GHYHORSPHQW DQG WKH DGYLFH IURP
5HVQLFN .RQVWDQ &KHQ DQG .UDXW  ZKR PDNH WKHVH SUDJPDWLF VXJJHVWLRQV WR
DVSLULQJ FRPPXQLW\ EXLOGHUV
ۙ 'UDZLQJ DࡉHQWLRQ WR H[WHUQDO SXEOLFLW\ DQG HQGRUVHPHQWV FDQ UDLVH H[SHFWDWLRQV
DERXW IXWXUH VXFFHVV
ۙ ,Q V\QFKURQRXV VSDFHV WKDW DUH QRW DOZD\V DFWLYH D VFKHGXOH RI ڤH[SHFWHG DFWLYH WLPHVڥ
FRRUGLQDWHV YLVLWRUV DQG FDQ EHFRPH D VHOIIXOडOOLQJ H[SHFWDWLRQ
5HVQLFN HW DO 

i 2WKHU UHODWHG IUDPHZRUNV
$OPRVW :LNLSHGLD ۢ$OPRVW :LNLSHGLDۣ ZDV D WKRXJKWSURYRNLQJ WDON JLYHQ E\ %HQ
MDPLQ 0DNR +LOO ३ DW +DUYDUG۟V %HUNPDQ &HQWHU LQ ZKLFK KH VD\V LQ RUGHU WR EH
DV VXFFHVVIXO DV :LNLSHGLD \RX VKRXOG ਖ਼UVW PDNH VRPHWKLQJ SHRSOH DUH IDPLOLDU ZLWK ۙ
DQG VHFRQG PDNH LW HDV\ IRU WKHP WR FRQWULEXWH∗ ,Q WKHVH WHUPV UHEXLOGLQJ 3ODQHW0DWK
DV D FROOHFWLRQ RI SHHU SURGXFHG PDWKHPDWLFDO WH[WERRNV ZRXOG PDNH D JRRG DPRXQW
RI VHQVH 6XEFRPPXQLWLHV ZRXOG DOVR EH UHDGLO\ UHFRJQL]DEOH HJ ۢWKH DXWKRUV RI WKH
&DOFXOXV WH[WERRN ۣ HWF ,Q D UHFHQW SDSHU +LOO DQG 0RQUH\+HUQ£QGH]  SRLQW RXW
D UHODWHG ਖ਼QGLQJ ۢDࡉULEXWHV RI ZRUNV DVVRFLDWHG ZLWK LQFUHDVHG JHQHUDWLYLW\ DUH DVVRFLDWHG
ZLWK GHFUHDVHG RULJLQDOLW\ DQG YLFH YHUVDۣ 6RPHWKLQJ WKDW LV HDV\ WR XQGHUVWDQG ۙ DQG
LV LQ WKDW VHQVH SHUKDSV QRW VR QRYHO ۙ ZLOO EH UHODWLYHO\ HDV\ WR EXLOG XSRQ
 2WKHU UHODWHG IUDPHZRUNV
*UHJRU\ %DWHVRQ H[SODLQHG WKH H[LVWHQFH RI D FODVV RI SDUDOOHOV DULVLQJ LQ ۢFRPPXQL
FDWLRQDO DQG RUJDQL]DWLRQDO SURFHVVۣ E\ UHIHUHQFH WR WKH ۢWKH P\VWHULRXV DQG SRO\PRUSKLF
UHODWLRQ EHWZHHQ FRQWH[W DQG FRQWHQWۣ %DWHVRQ  S  ॡHUH DUH PDQ\ IUDPH
ZRUNV LQ WKH EURDGHU VSDFH RI OHDUQLQJ FRPPXQLFDWLRQ DQG RUJDQL]DWLRQ WKHRU\ WKDW
EHDU VRPH DQDORJ\ WR WKH SDUDJRJ\ IUDPHZRUN ॡHVH LQFOXGH %DWHVRQ۟V RZQ FULWHULD RI
PLQG %DWHVRQ  S  HW VHT DQG WKH IXQFWLRQDO IUDPHZRUN RI VRFLDO PRYHPHQW
WKHRULVWV LQ WKH WUDGLWLRQ RI /XWKHU *HUODFK 3DOPHU  ,Q VKRUW LI WKH SDUDJRJ\
SULQFLSOHV DUH D UHGLVFRYHU\ WKH\ DSSHDU WR EH D YHU\ FRPPRQ RQH $V +DUPDQ 
UHPDUNV ۢDQ\RQH ZKR ORRNV VHULRXVO\ IRU IRXUIROGV ZLOO VWDUW WR डQG WKHP HYHU\ZKHUHۣ DQG
WKH VDPH VHHPV WR JR IRU म + फ RU भ + Q FI *HQRVNR  SS ۙ
ॡH DQDO\VLV WKDW IROORZV ZLOO GUDZ XSRQ VRPH RI WKHVH DSSUR[LPDWHO\SDUDOOHO IUDPH
ZRUNV LQFOXGLQJ 3HDVH DQG 0DUWLQ۟V  LQWHUSUHWDWLRQ RI ,PUH /DNDWRV۟V  FDWH
JRULHV RI PDWKHPDWLFDO DFWLYLWLHV ZKLFK LV GLVFXVVHG LQ &KDSWHU  0DUVKDOO 0F/XKDQ۟V
WHWUDG RI PHGLD H੘HFWV 0F/XKDQ 	 3RZHUV  ZKLFK LV XVHG WR H[DPLQH QHZ IHD
WXUHV RI 3ODQHWDU\ LQ &KDSWHU  DQG 6WD੘RUG %HHU۟V FULWHULD IRU YLDEOH V\VWHPV %HHU
 ZKLFK KHOSV WR IUDPH GLVFXVVLRQV DURXQG SURMHFWV LQ &KDSWHU  ,Q LQWURGXFLQJ WKH
F\EHUQHWLF QRWLRQ RI FXOWXUH WKDW ZDV DGRSWHG LQ &KDSWHU  >i S @ *HHUW] H[SODLQHG
KLV PRWLYDWLRQV ۙ ZKLFK FRQWLQXH WR DSSO\ KHUH
>:@H QHHG WR UHSODFH WKH ڨVWUDWLJUDSKLFک FRQFHSWLRQ RI WKH UHODWLRQV EHWZHHQ WKH YDUL
RXV DVSHFWV RI KXPDQ H[LVWHQFH ZLWK D V\QWKHWLF RQH WKDW LV RQH LQ ZKLFK ELRORJLFDO
SV\FKRORJLFDO VRFLRORJLFDO DQG FXOWXUDO IDFWRUV FDQ EH WUHDWHG DV YDULDEOHV ZLWKLQ XQL
WDU\ V\VWHPV RI DQDO\VLV >    @ ,W LV D PDࡉHU RI LQWHJUDWLQJ GLठHUHQW W\SHV RI WKHRULHV
DQG FRQFHSWV LQ VXFK D ZD\ WKDW RQH FDQ IRUPXODWH PHDQLQJIXO SURSRVLWLRQV HPERG\
LQJ डQGLQJV QRZ VHTXHVWHUHG LQ VHSDUDWH डHOGV RI VWXG\ *HHUW]  S 
∗?iiT,ff+v#2`XHrX?`p`/X2/mf2p2MibfHmM+?2QMfबपफफfफपfKFQ?BHH

&KDSWHU  /LWHUDWXUH 5HYLHZ
KXPDQ ODQJXDJH
VHQVRU\ SHUFHSWLRQ
ORJLF DQG GHGXFWLRQ
LQWXLWLRQ
DVVRFLDWLRQ
DQG PHWDSKRU
VWLPXOXVUHVSRQVH
SURFHVV DQG WLPH
VRFLDOL]DWLRQ
3HUVRQDO D॔HQWLRQ
3XEOLF VWDWHPHQWV
$UJXPHQWDWLRQ DQG
UDWLRQDOH
6KDUHG
XQGHUVWDQGLQJ
&ROODERUDWLYH
NQRZOHGJH
&XOWXUDO DUWLIDFWV
3HUVRQDO
FRPSUHKHQVLRQ 
*UDGXDO ORFDOL]HG
DFFXPXODWLRQ RI
LQIRUPDWLRQ
)RFXV RQ LQIRUPD
WLRQ DERXW WKH HQG
XVHU
3XUSRVHEDVHG XVH
RI GDWD LQ VXSSRUW
RI D SUDJPDWLF ZHE 
5HOHYDQFH
ॠDOLW\
6FDODELOLW\
&RQVLVWHQF\
0RWLYDWLRQ 
*H॔LQJ
LQIRUPDWLRQ
*LYLQJ
LQIRUPDWLRQ
5HSXWDWLRQ
EXLOGLQJ
5HODWLRQVKLS
GHYHORSPHQW
5HFUHDWLRQ
6HOIGLVFRYHU\
&RQVWUXFWLYH
)HHGEDFN

)LJXUH  /LQNV EHWZHHQ WKH NH\ GLPHQVLRQV FRPLQJ IURP WKH OLWHUDWXUH
 6XPPDU\
ॡLV FKDSWHU KDV FRQWH[WXDOL]HG WKH NH\ SLHFHV RI UHVHDUFK OLWHUDWXUH WKDW DUH UHOH
YDQW WR SHHU OHDUQLQJ DQG SHHU SURGXFWLRQ LQ PDWKHPDWLFV ॡH IUDPHZRUN SURYLGHG E\
SDUDJRJ\ DOORZHG D ZLGH QHW WR EH FDVW DQG SURYLGHV DQ LQLWLDO VHW RI LQWHUOLQNHG GLPHQ
VLRQV WR FRQVLGHU ZKHQ EXLOGLQJ D VR॑ZDUH PRGHO RU IXUWKHU GHYHORSLQJ D SDUDJRJLFDO
DSSURDFK LQ PDWKHPDWLFV
$UJXLQJ DJDLQVW DQ\ RYHUO\ VLPSOH QDUUDWLYH WKH DLP KDV EHHQ WR JLYH SDUDJRJ\ D
XVHIXO IRUP 2QH SRVVLEOH LQVWDQWLDWLRQ LV SUHVHQWHG LQ )LJXUH  ZKLFK SXOOV WRJHWKHU
WKH PDLQ WKHPDWLF LGHDV IURP WKH FHQWUDO ਖ਼JXUHV GLVFXVVHG DERYH DQG VKRZV WKDW WKH\
ਖ਼W UHPDUNDEO\ ZHOO LQ D KLHUDUFK\ 6RFLDOL]DWLRQ LV LPSRUWDQW WR ॡXUVWRQ KRZ GRHV LW
ZRUN" ॡLV LV H[SODLQHG E\ 6WDKO $QG 6WDKO۟V FULWLFDO SHUVRQDO FRPSUHKHQVLRQ" 3HU
KDSV WKLV LV EXLOW LQ D HFRORJLFDO ZD\ DV ZLWK WKH V\VWHPV FRQVLGHUHG E\ 0F&DOOD ॡHVH
UHO\ RQ WKH LGHD RI D SUDJPDWLF ZHE ZKLFK FRXOG EH GHVFULEHG LQ WHUPV XVHG E\ 5LFKDUG
VRQ DQG 'RPLQJRV )LQDOO\ WKH V\VWHP DV D ZKROH LV IXHOHG E\ PRWLYDWLRQ ZKLFK KDV
EHHQ H[DPLQHG LQ GHWDLO E\ 7DXVF]LN DQG 3HQQHEDNHU :KHUHDV 0DVORZ  ZRXOG
SUHVXPDEO\ VD\ WKDW PDWKHPDWLFV LV SXUVXHG E\ JHQHUDOO\ KHDOWK\ LQGLYLGXDOV DV SDUW RI
WKHLU H੘RUWV DW VHOIDFWXDOL]DWLRQ WKLV ਖ਼JXUH SURYLGHV D PRUH UHਖ਼QHG YLHZ ॡH UHOHYDQW
EHKDYLRUV DUH LQKHUHQWO\ VRFLDO ۙ DQG WKH GHYHORSPHQW RI PDWKHPDWLFV WDNHV SODFH DFURVV
LQGLYLGXDOV :KDW ZH W\SLFDOO\ WKLQN RI DV WKH OLIH RI WKH PLQG PD\ VLPSO\ EH ۢWKH FXࡉLQJ
HGJH RI WKH OLIH SURFHVV LWVHOI ۣ ,QJROG  S 
1RWLFH WKDW WKH SLFWXUH GRHV QRW LQFOXGH WKH ZRUG ۢPDWKHPDWLFVۣ ,W LV SRVVLEOH WR
EH PRUH VSHFLਖ਼F E\ WKLQNLQJ DERXW KRZ WKLV VFKHPH ZRUNV LQ WKH PDWKHPDWLFV FDVH
$॑HU +DOOLGD\ XQGHUVWDQGLQJ PDWKHPDWLFV DV D VHPLRWLF GRPDLQ VXJJHVWV WKDW WKH FRUH
SURFHVVHV DUH QRW VLPSO\ FRQFHUQHGZLWK DEVWUDFW V\PERO PDQLSXODWLRQ EXW ZLWKPDNLQJ
PHDQLQJIXO H[SHULHQFHV $QG D॑HU %DWHVRQ LW۟V FOHDU WKDW WKLV UHTXLUHV WKH YRLFLQJ RI ͠
IXQFWLRQV LQ ZKLFK PHDQLQJV FDQ VXEVLVW :KDW LV DW VWDNH LQ WDNLQJ WKLV IRUZDUG LV WKH
PD॔HU RI ۢEHFRPLQJ UHODWLRQDOۣ 'XULH  S 

3DUW 
0HWKRGRORJ\ DQG SUHOLPLQDU\ VWXGLHV

 0HWKRGRORJ\
ࢌH FRUH UHVHDUFKPHWKRGRORJ\ DLPV WR EXLOG D ڛWKLFN GHVFULSWLRQڜ RIPDWKHPDW
LFDO VRFLDO OLIH LQ WKH IRUP RI D ZRUNLQJ V\VWHP IRU SHHU SURGXFHG SHHU OHDUQLQJ
 ࢌH LPSRUWDQFH RI EXLOGLQJ D ZRUNLQJ PRGHO
ॡH IROORZLQJ FKDSWHUV H[DPLQH ۢPDQPDGH LQIRUPDWLRQ VRXUFHV IRU WKH GLUHFWLYH RUGHU
LQJ RI KXPDQ FRQGXFWۣ *HHUW]  S  XQGHU FRQGLWLRQV RI HPHUJHQFH ॡLV ZRUN
UHWUDFHV WKH OD\HUV RI PHGLDWHG VRFLDOLW\ WKDW ZHUH UHYLHZHG LQ &KDSWHU  KRZHYHU WKH
PHWKRGV WKDW ZLOO EH DSSOLHG DUH JHQHUDOO\ TXLWH GL੘HUHQW IURP WKRVH RI WKH DXWKRUV H[DP
LQHG WKHUH &KDSWHU  ZLOO H[KLELW D PHWKRG IRU PRGHOLQJ WKH VRFLDO DQWHFHGHQWV WR OHDUQ
LQJ XVLQJ VWDWLVWLFDO DQDO\VLV ॡLV LV QRW D FRQFHSWXDO PRGHO RI OHDUQLQJ EXW D ZD\ RI
VKRZLQJ RQ DYHUDJH ZKDW NLQGV RI PHGLDWHG DFWV FDWDO\]H OHDUQLQJ RXWFRPHV &KDSWHU 
XVHV IRFXV JURXS DQG LQWHUYLHZEDVHG PHWKRGV WR WU\ WR XQGHUVWDQG ZKDW SRWHQWLDO XVHUV
RI 3ODQHW0DWK ZRXOG FRQVLGHU WR EH SUDJPDWLF IRU WKHLU SXUSRVHV &KDSWHU  GHVFULEHV
WKH GHVLJQ DQG GHYHORSPHQW RI WKH 3ODQHWDU\ V\VWHP ZKLFK LV LQWHQGHG WR EH IHDWXUH FRP
SOHWH UHODWLYH WR 1R¸VSKHUH ZLWK VRPH NH\ GL੘HUHQFHV WKDW WKDW PDNH LW PRUH VXLWDEOH
IRU SHHU OHDUQLQJ DSSOLFDWLRQV ,Q &KDSWHU  PRWLYDWLRQV WR XVH 3ODQHW0DWK3ODQHWDU\
DUH LQYHVWLJDWHG WKURXJK GLVFRXUVH ZLWK XVHUV ZKR DUH LQYROYHG LQ WKLQNLQJ FULWLFDOO\
DERXW WKH D੘RUGDQFHV DQG OLPLWDWLRQV RI WKH VR॑ZDUH 5HVHDUFK SURMHFW GRHV QRW IRFXV
RQ WKH SURFHVVHV RI SURRI LQYHQWLRQ KHXULVWLF GLVFRYHU\ DQG JRRG ROG IDVKLRQHG WH[W
ERRN SUREOHP VROYLQJ ZLWK ZKLFK PDWKHPDWLFDO VRFLDO OLIH LV R॑HQ RFFXSLHG EXW UDWKHU
WKH PDWUL[ LQ ZKLFK WKHVH DFWLYLWLHV FDQ EH HPEHGGHG ॡLV GRHV QRW PHDQ WKDW GD\WR
GD\ PDWKHPDWLFDO DFWLYLWLHV DUH FRQVWUXHG WR UHGXFH WR D GHWHUPLQDWLRQ IURP WKH PDFUR
OHYHO 'H/DQGD ३ S  DQ\ PRUH WKDQ ZH ZRXOG VD\ WKDW WKH WKHRUHPV RI (XFOLG RU

&KDSWHU  0HWKRGRORJ\
$UFKLPHGHV GHULYH IURP WKH ਗ਼RRU SODQ RU VFULEDO SUDFWLFHV DW WKH /LEUDU\ RI $OH[DQGULD
$ HPHUJHQW PXOWLOD\HUHG DSSURDFK D॑HU 'H/DQGD  HQJDJHV PDWKHPDWLFLDQV DQG
RWKHUV LQ WKLQNLQJ FDUHIXOO\ DQG FULWLFDOO\ DERXW WKH ۢWKH EDVLF PHQWDO LQIUDVWUXFWXUH RI
PDWKHPDWLFVۣ ॡXUVWRQ  ZKLFK DV &KDSWHU  KDV VKRZQ KDV LPSRUWDQW VRFLDO DQG
FXOWXUDO GLPHQVLRQV )UD\OLQJ  GHVFULEHV ۢ&XVWRPLVLQJ D SLHFH RI WHFKQRORJ\ WR GR
VRPHWKLQJ QRRQH KDG FRQVLGHUHG EHIRUH DQG FRPPXQLFDWLQJ WKH UHVXOWVۣ DV DQ H[DPSOH
RI ۢUHVHDUFK WKURXJK DUW DQG GHVLJQۣ ॡLV LV D FUXFLDO DVSHFW RI WKH DSSURDFK WDNHQ KHUH
KRZHYHU DV WKH FXUUHQW H੘RUW DLPV WR SURGXFH DQ DFWRURULHQWHG PRGHO ZKDW LV PRVW
LPSRUWDQW LV WKDW WKH GHYHORSPHQW RI D SURWRW\SH RSHQV WKH ZD\ WR FRQVXOWDWLRQV ZLWK
XVHUV DERXW WKH FXVWRPL]DWLRQV WKH\ ZRXOG OLNH WR VHH PDGH ॡH ਖ਼QGLQJV FRPSULVH NH\
VWHSV RQ WKH ZD\ WR WKH ۢWKLFNHVW SRVVLEOH GHVFULSWLRQۣ 5\OH  ۙ LQ WKLV FDVH D VR॑
ZDUH V\VWHP WKDW WKH UHVHDUFK VXEMHFWV ZRXOG QRW RQO\ UHFRJQL]H DV D UHDVRQDEOH DFFRXQW
RI UHOHYDQW VRFLDO H[SHULHQFHV LQ PDWKHPDWLFV EXW ZKLFK DW OHDVW VRPH RI WKHP ZRXOG
XOWLPDWHO\ ਖ਼QG XVHIXO ॡH WKHPDWLF IRFXV RI WKH SURMHFW DV D ZKROH LV RQ VR॑ZDUH GHYHO
RSPHQW LQ D VRFLDO FRQWH[W ॡLV DSSURDFK D੘RUGV WKH RSSRUWXQLW\ WR EXLOG DQG MRLQWO\
FULWLTXH D ZRUNLQJ PRGHO RI PDWKHPDWLFDO VRFLDO OLIH
 5HYLHZ RI SULPDU\ PHWKRGV
0LFURJHQHWLF DQDO\VLV VWXG\LQJ WKH SURFHVV RI OHDUQLQJ
2SHQ RQOLQH OHDUQLQJ HQYLURQPHQWV SURYLGH UHVHDUFKHUV ZLWK DFFHVV WR PRVW LI QRW
DOO RI WKH GDWD WKDW SDUWLFLSDQWV XVH WR FRPPXQLFDWH ZLWK RQH DQRWKHU 6WDKO  FI
>i S @ ॡHVH GDWD FDQ SURYLGH GHWDLOHG HYLGHQFH RI OHDUQLQJ DQG GHYHORSPHQW
ॡLV NLQG RI GDWD ۙ DQG WKH LQIRUPDO DG KRF LQWHUDFWLRQV WKDW JHQHUDWH LW ۙ PDWFKHV
PDQ\ RI WKH LGHDV DQG WHFKQLTXHV RI PLFURJHQHWLF DQDO\VLV ॡH PLFURJHQHWLF DSSURDFK
VWXGLHV OHDUQLQJ DV D SURFHVV UDWKHU WKDQ WKH RXWFRPH RI D SURFHVV /DYHOOL 3DQWRMD
+VX 0HVVLQJHU 	 )RJHO  ॡH DSSURDFK DLPV WR H[DPLQH PRPHQWE\PRPHQW
FKDQJHV R॑HQ REVHUYHG RYHU D KRUW SHULRG RI WLPH DQG R॑HQ DFURVV D KLJK QXPEHU RI
VHSDUDWH REVHUYDWLRQV EXW QRW QHFHVVDULO\ VXEMHFW WR WKH VDPH VWDJHG WUHDWPHQW SD॔HUQV
IRXQG LQ ORQJLWXGLQDO VWXGLHV 2EVHUYDWLRQV WHQG WR EH DQDO\]HG LQWHQVLYHO\ ERWK TXDO
LWDWLYHO\ DQG TXDQWLWDWLYHO\ ,Q SDUWLFXODU PLFURJHQHWLF DSSURDFKHV KDYH EHHQ XVHG WR
WDNH LQWR DFFRXQW WKH VRFLDO SURFHVV RI GHYHORSPHQW LQ ZKLFK LQGLYLGXDOV OHDUQ FRQFXU
UHQWO\ LQ D GLVWULEXWHG IDVKLRQ )LVFKHU 	 *UDQR॔  %URDGO\ VSHDNLQJ PLFURJHQHWLF
DQDO\VLV VHHPV SDUWLFXODUO\ ZHOO VXLWHG WR RXU LQIRUPDO SHHU OHDUQLQJ FRQWH[W ZKHUH D
SUHWHVWSRVWWHVW PHWKRG IRU DVVHVVLQJ OHDUQLQJ TXDOLW\ ZRXOG EH LQDSSURSULDWH RU XQIHD
VLEOH ॡH VWXG\ LQ &KDSWHU  FDQ VHUYH DV D SURRI RI FRQFHSW LOOXVWUDWLQJ WKHPLFURJHQHWLF
PHDVXUHPHQW RI OHDUQLQJ DV DGDSWHG WR WKH 3ODQHW0DWK VH॔LQJ DQG GDWDVHW 6WDWLVWLFDO
DQDO\VLV RI WKLV VRUW RI GDWD SUHVHQWV VRPH XQLTXH FKDOOHQJHV &KHVKLUH 0XOGRRQ )UDQ

i 5HYLHZ RI SULPDU\ PHWKRGV
FLV /HZLV 	 %DOO  2QH SDUWLFXODU FKDOOHQJH IRU PRGHOLQJ LV WKDW VRPH XVHUV PD\
QRW ORJ LQ IRU ORQJ SHULRGV DW D WLPH DQG PD\ EH VWURQJO\ PRWLYDWHG LQ VKRUW EXUVWV RI
DFWLYLW\ FI %DUDE£VL 
&KDSWHU  H[DPLQHV DGGLWLRQV DQG PRGLਖ਼FDWLRQV WR WKH 3ODQHW0DWK HQF\FORSHGLD WDN
LQJ SODFH EHWZHHQ 2FW   DQG 'HF   DORQJ ZLWK IRUXP SRVWV DQG FRUUHFWLRQV
PDGH GXULQJ WKLV WLPH ॡH SRSXODWLRQ RI LQWHUHVW LV FRPSULVHG RI WKH  SHRSOH ZKR
PDGH HGLWV WR WKH HQF\FORSHGLD LQ WKLV WLPH IUDPH )RU WKH SXUSRVH RI WKH VWXG\ FKDQJHV
WR WKH HQF\FORSHGLD LQ ZKLFK D FRQWULEXWHU XVHV D QHZ ZRUG RQ D SHUSHUVRQ EDVLV LV
WKH RXWFRPH RI LQWHUHVW ॡH DQDO\VLV LV EDVHG RQ D UHFHQWO\ GHYHORSHG VWDWLVWLFDO PHWKRG
WKDW LV ZHOOVXLWHG WR KDQGOH EXUVW\ G\QDPLFV 7HUDYDLQHQ 
)RFXV JURXS DQG क़HOG ZRUN *DWKHULQJ XVHU GHVLGHUDWD
/HDUQLQJ DERXW DQG UHVSRQGLQJ WR XVHUV۟ GHVLJQ FULWHULD LV ZHOO VWXGLHG LQ VR॑ZDUH
HQJLQHHULQJ ZKHUH WKLV LV XVXDOO\ UHIHUUHG WR UHTXLUHPHQWV DQDO\VLV
3URMHFW SDUWLFLSDQWV RU VWDNHKROGHUV PD\ DVVLJQ WR WKH GHVLJQ REMHFW RQH RU PRUH JRDOV
ڟ RSWDWLYH VWDWHPHQWV GHVFULELQJ D FKDQJH LQ WKH HQYLURQPHQW WKDW WKH GHVLJQ REMHFW LV
GHVLUHG WR SURGXFH $ UHTXLUHPHQW LV D IHDWXUH RI D GHVLJQ REMHFW WKDW LV QHFHVVDU\ WR
DFKLHYH D JRDO >    @ 0RUH JHQHUDOO\ VXSSRVH J PD\ EH DFKLHYHG E\ Q GHVLJQ REMHFWV('फ,'ब, . . .'Q) HDFK ZLWK IHDWXUHV ()फ, )ब, . . . )Q) ࡍH VHW RI UHTXLUHPHQWV 5J PD\ WKHQ
EH GHडQHG DV WKH LQWHUVHFWLRQ RI WKH SURSHUWLHV (5J = )फ∩)ब∩...∩)Q) 5DOSK 
,Q &KDSWHU  , IRFXV RQ ZKDW 5DOSK  WHUPV GHVLGHUDWD UDWKHU WKDQ UHTXLUHPHQWV
&KDSWHU  UHYLVHV WKLV PDWHULDO LQWR D PLQLPDO LQWHUVHFWLRQ RI IHDWXUHV IRU ZKLFK WKH WHUP
UHTXLUHPHQWV LV PRUH DSSURSULDWH ,Q LQLWLDO ਖ਼HOGZRUN , DLPHG WR XQGHUVWDQG XVHUV۟ JRDOV
HVSHFLDOO\ EXW QRW RQO\ WKH RQHV WKDW FRXOG EH DFKLHYHG XVLQJ VR॑ZDUH $W LPSOHPHQ
WDWLRQ WLPH D PLQLPDO NHUQHO RI IHDWXUHV ZDV GHYHORSHG DOWKRXJK WKLV KDG DV PXFK WR
GR ZLWK WKH OLPLWDWLRQV RI WLPH DV ZLWK WKH HPSLULFDO VWUXFWXUH RI XVHU JRDOV
&KDSWHU  LV EXLOW DURXQG D IRFXV JURXS ZLWK IHOORZ SRVWJUDGXDWH VWXGHQWV DQG D EULHI
SHULRG RI ਖ਼HOG ZRUN DQG LQWHUYLHZV ZLWK GRPDLQ H[SHUWV ॡLV FKDSWHU XVHV WKH SDUD
JRJ\ IUDPHZRUN IURP &KDSWHU  WR PDS RXW WKH GLPHQVLRQV RI FKDQJH WKDW VHHPHG PRVW
UHOHYDQW WR WKHVH LQGLYLGXDOV DV UHSUHVHQWDWLYHV RI WKHLU UHVSHFWLYH VWDNHKROGHU JURXSV
VWXGHQWV PDWKHPDWLFLDQV DQG UHVHDUFKHUV ZLWK DQ LQWHUHVW LQ PDWKHPDWLFDO SUDFWLFH
ॡH FKRLFH RI SRSXODWLRQV WR ZRUN ZLWK DSSUR[LPDWHO\ IROORZV &RUQHOL 	 0LNUR\DQ
QLGLV  ,QVSLUHG E\ *HHUW] , DGRSW DQ LQWHUSUHWLYH SHUVSHFWLYH∗ , UHOLHG RQ WKH
LGHD RI FRKHUHQW FKDQJH DV DQ LQWHUSUHWLYH SULQFLSOH ॡH TXHVWLRQV , UHWXUQHG WR ZLWK
UHVHDUFK VXEMHFWV ZHUH ۢ:RXOG \RX डQG WKLV VRUW RI WRRO VXLWDEOH IRU XVH LQ \RXU ZRUN"
∗ۢ>,@QWHUSUHWDWLRQ LQ P\ YLHZ LV IXQGDPHQWDOO\ DERXW JHࡉLQJ VRPH LGHD RI KRZ SHRSOH FRQFHSWXDOL]H
XQGHUVWDQG WKHLU ZRUOG ZKDW WKH\ DUH GRLQJ KRZ WKH\ DUH JRLQJ DERXW GRLQJ LW WR JHW DQ LGHD RI WKHLU ZRUOGۣ
&OL੘RUG *HHUW] TXRWHG LQ 3DQRXUJ¯D  UHSULQWHG LQ 3DQRXUJ¯D 	 0DUFXV 

&KDSWHU  0HWKRGRORJ\
$QG LI QRW KRZ ZRXOG LW KDYH WR FKDQJH LQ RUGHU WR EH XVHIXO"ۣ ॡH DLP DW WKLV VWDJH
ZDV WR HQJDJH VWDNHKROGHUV LQ EULHI FULWLFDO GLVFXVVLRQV DERXW WKH SRWHQWLDO XVHIXOQHVV RI
3ODQHW0DWK IURP ZKLFK , FRXOG H[WUDFW D UDQJH RI ۢRSWDWLYH SURSHUWLHVۣ =DYH 	 -DFNVRQ
 6WDWHPHQWV DERXW 3ODQHW0DWK ZHUH DOVR H[SOLFLWO\ RU LPSOLFLWO\ VWDWHPHQWV DERXW
WKH VWDNHKROGHUV WKHPVHOYHV
)RU WKH LQLWLDO IRFXV JURXS  SDUWLFLSDQWV ZHUH UHFUXLWHG YLD HPDLO VHQW WR WKH SRVW
JUDGXDWH VWXGHQW PDLOLQJ OLVW DW WKH 2SHQ 8QLYHUVLW\ ZKLFK UHDFKHV D SRSXODWLRQ RI
DURXQG  ORFDO SRVWJUDGXDWH VWXGHQWV DQG ZLWK DQ LQSHUVRQ DQQRXQFHPHQW DW WKH
ZHHNO\ SRVWJUDGXDWH IRUXP DW WKH &HQWUH IRU 5HVHDUFK LQ &RPSXWLQJ ॡH UHVSRQGHQWV
ZKR DV LW WXUQHG RXW ZHUH DOO IURP WKH FRPSXWLQJ GHSDUWPHQW DQG ZKR ZHUH DOO NQRZQ
WR PH SUHYLRXVO\ PHW LQ RQH IRFXV JURXS , ZDV DEOH WR PDNH DQ DXGLRYLVXDO UHFRUG
LQJ RI WKH RQHKRXU PHHWLQJ $॑HU D VKRUW SUHVHQWDWLRQ DERXW 3ODQHW0DWK SDUWLFLSDQWV
ZHUH DVNHG WR GLVFXVV WKUHH VHWV RI TXHVWLRQV LQ D YDULDQW RI WKH ۢਖ਼VKERZOۣ IRUPDW∗ 3DU
WLFLSDQWV ZHUH GLYLGHG LQWR WZR VXEJURXSV RI  SHUVRQV ZKR WKHQ ZHUH VHDWHG IDFLQJ
HDFK RWKHU DW HLWKHU VLGH RI D WDEOH *URXS $ ZDV FRPSULVHG RI LQGLYLGXDOV ZKR VHOI
LGHQWLਖ਼HG DV ۢPRUH PDWKHPDWLFDOۣ DQG *URXS % RI WKRVH ۢOHVV PDWKHPDWLFDOۣ LQ WHUPV
RI WKHLU UHVHDUFK LQWHUHVWV DQG EDFNJURXQG )LUVW *URXS $ GLVFXVVHG D VHW RI TXHVWLRQV
ZKLOH *URXS % OLVWHQHG DQG WKHQ *URXS % GLVFXVVHG WKHVH TXHVWLRQV ZKLOH *URXS $ OLV
WHQHG ॡLV GHVLJQ ZDV HPSOR\HG WR KHOS HQVXUH WKDW HYHU\RQH KDG D FKDQFH WR WDON DQG
WR OHW GL੘HULQJ YLHZV GHYHORS LQ WKH UHODWLYH VHFXUH FRQWH[W RI LQJURXS GLDORJ ॡH WKUHH
VHWV RI TXHVWLRQV ZHUH LQFUHDVLQJO\ YDJXH DLPLQJ WR HOLFLW H[SORUDWRU\ LQWHUSUHWDWLRQ RQ
WKH SDUW RI SDUWLFLSDQWV )LJXUH  (DFK RI WKH WZRSDUW URXQGV ODVWHG  PLQXWHV 3DU
WLFLSDQWV ZHUH DOVR DVNHG WR FRPSOHWH D EULHI TXHVWLRQQDLUH ZKLFK LQFOXGHG VSDFH IRU
IUHHIRUP IHHGEDFN
0\ ਖ਼HOG ZRUN ZLWK GRPDLQ H[SHUWV DJDLQ EHJDQ ZLWK D SUHVHQWDWLRQ DERXW 3ODQHW
0DWK WKLV WLPH WDNLQJ SDUW LQ D VHPLQDU VHULHV DW WKH 6FKRRO RI ,QIRUPDWLFV DW WKH 8QL
YHUVLW\ RI (GLQEXUJK 0\ SULPDU\ FRQWDFWV D PDWKHPDWLFLDQ DQG D UHVHDUFKHU ZKR VWXG
LHV PDWKHPDWLFDO SUDFWLFH ZKR KDG ERWK DJUHHG WR GR LQWHUYLHZV ZLWK PH ZHUH LQ WKH
DXGLHQFH 'XULQJ P\ IRXU GD\ UHVHDUFK YLVLW GLVFXVVLRQV R॑HQ KDSSHQHG LQ SXEOLF IRU
H[DPSOH D॑HU WKH VHPLQDU RU DW D UHVWDXUDQW DQG LQ WKH ਖ਼UVW SULYDWH LQWHUYLHZ WKH
LQWHUYLHZHH SUHIHUUHG QRW WR EH UHFRUGHG 'XULQJ WKH IRXUGD\ YLVLW , WKHUHIRU UHOLHG IRU
RQ D GDLO\ MRXUQDOLQJ SURWRFRO DV D ZD\ WR FUHDWH D UHFRUG RI ZKDW , ZDV OHDUQLQJ ॡLV
SURWRFRO )LJXUH  ZDV DGDSWHG IURP D VHW RI TXHVWLRQV LQ D IROORZXS HPDLO IURP RQH
RI WKH ۢOHVV PDWKHPDWLFDOۣ SDUWLFLSDQWV LQ WKH LQLWLDO IRFXV JURXS 6HOHFWLRQV IURP WKH
YLGHR WUDQVFULSW IURP WKH IRFXV JURXS DQG VRXUFHV IRU TXRWHV DSSHDU LQ $SSHQGL[ & DQG
EULHI VDPSOH H[FHUSWV IURP P\ ਖ਼HOG QRWHV LQ $SSHQGL[ (
∗?iiT,ffrrrX+Q@BMi2HHB;2M+2XQ`;fvबFn7Bb?#QrHX?iKH

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)LUVW VHW RI TXHVWLRQV ڛ(DV\ڜ
ۨ :RXOG \RX ਖ਼QG WKLV VRUW RI WRRO VXLWDEOH IRU XVH LQ \RXU ZRUN RU VWXGLHV"
ۨ ,I \RX۟UH DQ LQVWUXFWRU KRZ PLJKW \RX KDYH WR FKDQJH \RXU WHDFKLQJ RU DVVHVVPHQW
VWUDWHJLHV LI 3ODQHW0DWK EHFRPHV SRSXODU"
ۨ ,I \RX۟UH D VWXGHQW KRZ PLJKW 3ODQHW0DWK FKDQJH \RXU VWXG\ VWUDWHJ\"
6HFRQG VHW RI TXHVWLRQV ڛ0HGLXPڜ
ۨ +RZ GR \RX FXUUHQWO\ VROYH SUREOHPV"
ۨ :KDW GR \RX GR LI \RX JHW VWXFN"
ۨ :KDW WRROV DQG VWUDWHJLHV GR \RX XVH WR OHDUQ"
ࢌLUG VHW RI TXHVWLRQV ڛ+DUGڜ
ۨ 'HVFULEH \RXU OHDUQLQJ VW\OH
ۨ +RZ GR \RX GHDO ZLWK SHRSOH ZKRVH YLHZSRLQWV DUH YHU\ GL੘HUHQW IURP \RXUV"
ۨ +RZ LPSRUWDQW LV LW WR \RX WR ۢRZQۣ ZKDW \RX FUHDWH"
)LJXUH  ࡌHVWLRQV IRU GLVFXVVLRQ SRVHG WR SDUWLFLSDQWV LQ WKH LQLWLDO IRFXV JURXS RI SRVW
JUDGXDWH VWXGHQWV
 :KDW ZHUH \RXU NH\ K\SRWKHVHV DW WKH VWDUW RI WKH GD\"
 +RZ GLG \RX DQDO\]H WKH GDWD \RX FROOHFWHG"
 +RZ GLG WKH UHVXOWV FKDQJH ZKDW \RX NQHZ EHIRUH"
 'LG DQ\ RI \RXU K\SRWKHVHV JHW FRUURERUDWHG DV D UHVXOW RI \RXU GDWD DQDO\VLV"
,I VR ZKLFK ZK\ DQG KRZ VWURQJO\"
 'LG DQ\ RI \RXU K\SRWKHVHV JHW FKDOOHQJHG DV D UHVXOW RI \RXU GDWD DQDO\VLV"
,I VR ZKLFK ZK\ DQG KRZ VWURQJO\"
 'LG \RX FUHDWH RU HQFRXQWHU DQ\ QHZ K\SRWKHVHV GXULQJ RU D॑HU WKH GD\۟V HYHQWV"
,I VR SOHDVH VSHFLI\ ZKDW WKH\ DUH DQG KRZ \RX DUH JRLQJ WR WHVW WKHP
 +RZ GLG DQ\ RI WKH K\SRWKHVHV UHODWH WR OHDUQLQJ"
 ,Q KLQGVLJKW ZKLFK TXHVWLRQV SURYHG WR EH WKH PRVW RU OHDVW VDOLHQW"
 )ROORZXS VWXGLHV"
)LJXUH  2XWOLQH RI MRXUQDOLQJ SURWRFRO
&KDSWHU  0HWKRGRORJ\
$ EDVLF JUDPPDU IRU LQWHUDFWLRQ
7DEOH  SUHVHQWV D VXPPDU\ RI 3ODQHW0DWK۟V HQWLW\ UHODWLRQ GLDJUDP ۢ(5 GLDJUDPۣ
VKRZLQJ WKH NLQGV RI LQWHUDFWLRQV WKDW ZLOO EH VXSSRUWHG LQ 3ODQHW0DWK3ODQHWDU\∗ ॡH
UHVHDUFK DJHQGD LV URRWHG LQ WKH LGHD RI LWHUDWLYH GHYHORSPHQW ZKHUHE\ WKH EDVLF LQWHU
DFWLRQ GHVLJQ ZLOO JDLQ DGGLWLRQDO GHWDLO DQG H[SUHVVLYH WKLFNQHVV
+HQFH WKLV FHQWUDO PHWKRGRORJLFDO SURSRVLWLRQ


$ VXਜ਼FLHQWO\ H[WHQGHG YHUVLRQ RI WKH ۢJUDPPDUۣ SUHVHQWHG LQ 7DEOH  VKRXOG
EH DEOH WR WUDQVIRUP PDWKHPDWLFDO WH[WV DQG LQWHUDFWLRQV LQWR FRPSXWDWLRQDOO\
DFFHVVLEOH REMHFWV LQ D FRKHUHQW ZD\
ॡH ਖ਼YHIROG GLYLVLRQ LQ 7DEOH  LV DJDLQ LQVSLUHG E\ WKH SDUDJRJ\ SULQFLSOHV IURP
&KDSWHU  $OWKRXJK WKH WDEOH SURYLGHV D XVHIXO LQLWLDO SODQ IRU LPSOHPHQWDWLRQ IURP
WKH SRLQW RI YLHZ RI PRGHOLQJ PDWKHPDWLFDO EHKDYLRU LW LV FHUWDLQO\ QRW FRPSOHWH )RU
LQVWDQFH RQH UDWKHU VLPSOH H[WHQVLRQ WR WKH WDEOH ZRXOG DGG VXEVFULSWV WR WKH DUURZV WR
FRGH IRU WKH GL੘HUHQW DJHQWV LQYROYHG ۙ WKLV ZRXOG EH QHHGHG IRU PRGHOLQJ WKH XVH FDVH
GHVFULEHG LQ )LJXUH  >i S @ IRU H[DPSOH
7R QDUUDWH WKH WDEOH۟V FXUUHQW HQWULHV WKH HQF\FORSHGLD PDGH XS RI LQWHUOLQNHG DUWL
FOHV DQG FRQFHSWV SURYLGHV WKH FHQWUDOGHFHQWHUHG VKDUHG FRQWH[W ॡH VLPSOHVW NLQG RI
FRQWH[WXDO JOXH LV UHODWHGQHVVۦ $ OLQN $ ℓफ←" $′ EHWZHHQ WZR DUWLFOHV LV RQO\ XVHIXO LI
WKH WZR DUWLFOHV DUH LQGHHG UHODWHG +HUH $ ℓफ←" $′ GHQRWHV D FRQQHFWLRQ IURP $′ WR $
YLD D VWDQGDUG K\SHUOLQN ZKHUHDV $ ← $′ PHDQV WKDW DUWLFOH $′ KDV EHHQ DGGHG DV DQ
D॔DFKPHQW WR DUWLFOH $
&RQWH[W )HHGEDFN ॠDOLW\ 6WUXFWXUH +HXULVWLF
$← $
$ ℓ←" $ ;← 76← 5 ;← 4$← &
$← 3← 6
/← $,3
0← $
4← $
6↩ +
*↩ 8
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$ DUWLFOH
ℓ OLQN
; REMHFW
7 SRVW
6 VROXWLRQ
5 UHYLHZ
4 TXHVWLRQ
& FRUUHFWLRQ
3 SUREOHP
/ FROOHFWLRQ
0 FODVVLILFDWLRQ
+ KHXULVWLF
* JURXS
8 XVHU
: UHTXHVW
7DEOH  $ SDUDJRJLFDO GHFRPSRVLWLRQ RI 3ODQHW0DWKڥV DFWLYLWLHV ڨSURGXFWLRQ UXOHVک LQ
WKH JUDPPDU RI PDWKHPDWLFDO EHKDYLRU
∗&I )LJXUH  >i S @
ۦ&I 1RZDN۟V UXOHV RI WKH HYROXWLRQ RI FROODERUDWLRQ >i S @

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/HDUQLQJ FDQ KDSSHQ LQPDQ\ZD\V RQ 3ODQHW0DWK EXW OHDUQLQJ DERXW OHDUQLQJ VHHPV
PRVW OLNHO\ WR EH PHGLDWHG E\ LQIRUPDO IHHGEDFN DQG GHYHORSHG LQ LQIRUPDO GLVFXVVLRQV
2Q WKH RWKHU KDQG TXDOLW\ FRQWURO GHYHORSV WKURXJK PRUH VWUXFWXUHG SHHU UHYLHZ 3URE
OHP VROYLQJ DSSOLFDWLRQV UHSUHVHQW DQRWKHU OD\HU RI VHPDQWLF VWUXFWXUH 'HHSHU RUJD
QL]DWLRQ LV GULYHQ E\ WKH XVH RI KHXULVWLFV HPEHGGHG LQ SUREOHPVROXWLRQV 6 ↩ + 
FXUUHQWO\ LQ D ZD\ WKDW PDNHV WKHP KDUG WR H[WUDFW 6RFLDO KHXULVWLFV LQYROYH SXUSRVH
FUHDWHG JURXSV WKDW VROYH SUREOHPV WRJHWKHU )LQDOO\ WKHVH SURFHVVHV DUH DFFRPSDQLHG
E\ D FXUDWRULDO RU DGPLQLVWUDWLYH SURFHVV WKDW PXWDWHV LQIRUPDO GLVFXVVLRQ LQWR REMHFWV
ZLWK PRUH H[SOLFLW PHDQLQJV LQ WKH V\VWHP 4,7 ⇀ &,:,3  7LPH ਗ਼RZV IURP OH॑ WR
ULJKW IRU DOO RI WKHVH H[SUHVVLRQV ॡH WDEOH VXJJHVWV YDULRXV YHFWRUV RI GDWD RQ XVHU
DFWLYLWLHV WKDW FRXOG EH SXOOHG RXW RI WKH GDWDEDVH QHZ OLQNV EHWZHHQ DUWLFOHV DGGHG QHZ
TXHVWLRQV DVNHG QHZ FRUUHFWLRQV VXEPLࡉHG QHZ SUREOHPV SURSRVHG QHZ JURXS PHPEHU
VKLSV DFWLYDWHG DQG VR RQ 5HEXLOW RQ WKLV GHVLJQ 3ODQHW0DWK ZLOO EHFRPH D ODUJHVFDOH
UHFRUGLQJ GHYLFH IRU LQWHUDFWLRQV UHODWHG WR OHDUQLQJ PDWKHPDWLFV ,Q DGGLWLRQ WR PDWKH
PDWLFDO UHODWLRQVKLSV EHWZHHQ DUWLFOHV DQG RWKHU REMHFWV WKH ۢSURGXFWLRQ UXOHVۣ LQ 7DEOH
 VHUYH WR FRGH IRU YDULRXV IHDWXUHV RI KXPDQ FROODERUDWLRQ )RU H[DPSOH E\ D॔DFKLQJ D
FRPPHQW WR DQ REMHFW WKH XVHU FROODERUDWHV ZLWK WKH REMHFW FUHDWRU E\ R੘HULQJ IHHGEDFN
%\ D॔DFKLQJ D FRUUHFWLRQ WR DQ DUWLFOH WKH XVHU FROODERUDWHV QRW RQO\ ZLWK WKH RULJLQDO
DXWKRU EXW PRUH EURDGO\ ZLWK WKH UHDGHUVKLS E\ KHOSLQJ WR PDLQWDLQ TXDOLW\ DQG FRQVLV
WHQF\ WKURXJKRXW WKH HQF\FORSHGLD $॔DFKLQJ D SUREOHP WR DQ DUWLFOH RU RUJDQL]LQJ D VHW
RI DUWLFOHV DQG SUREOHPV LQ D FROOHFWLRQ KHOSV WR VWUXFWXUH WKH FRUSXV FUHDWLQJ D VPDOO VXE
DUHD ZLWK FRKHUHQW PHDQLQJ 3HRSOH FDQ XVH JURXSV WR FROODERUDWH DV FRDXWKRUV RU LQ
DG KRF WHDPV &ROOHFWLRQV DQG JURXSV DUH DOVR XVHIXO IRU VSHFLI\LQJ DQG VKDULQJ OHDUQLQJ
DQG SURGXFWLRQ JRDOV DQG IRU EUHDNLQJ WKHP GRZQ LQWR VPDOOHU FRPSRQHQWV &KDSWHU
 GHVFULEHV WKH GHYHORSPHQW RI WKH 3ODQHWDU\ V\VWHP ZKLFK SURJUHVVHG DORQJ WKH OLQHV
LQGLFDWHG E\ 7DEOH  DQG IXUWKHU LQIRUPHG E\ WKH ਖ਼QGLQJV IURP &KDSWHU  &KDSWHU 
XVHV 0DUVKDOO 0F/XKDQ۟V  WHWUDG RI PHGLD H੘HFWV WR KLJKOLJKW WKH GL੘HUHQFHV WKDW
WKH LPSOHPHQWHG IHDWXUHV DUH H[SHFWHG WR PDNH
'HVLJQ SDWWHUQV DQG HPHUJHQW GHVLJQ
3HHU SURGXFWLRQ LV QRW D SDQDFHD 2Q WKH RQH KDQG ۢPDQ\ VXFFHVVIXO SHHU SURGXF
WLRQ SURMHFWV H[KLELW VWURQJ LQHTXDOLWLHV RI SDUWLFLSDWLRQ DQG GHHSO\ HQWUHQFKHG OHDGHUVKLSۣ
6KDZ 	 +LOO  2Q WKH RWKHU PDQ\ IUHHRSHQ VR॑ZDUH SURMHFWV QHYHU D॔UDFW FRO
ODERUDWRUV DW DOO ۢ>W@KH EHQHडWV RI FROODERUDWLRQ EHFRPH VRPHWKLQJ WR XQGHUVWDQG VXSSRUW
DQG ZRUN WRZDUGV UDWKHU WKDQ VRPHWKLQJ WR WDNH IRU JUDQWHGۣ +LOO ४ ॡLV FKDO
OHQJH ZLOO EH DSSURDFKHG KHUH LQ D PHWKRGLFDO ZD\ WKURXJK WKH XVH RI GHVLJQ SDࡉHUQV WR
GHVFULEH SUREOHPV DQG GHYHORS VROXWLRQV ZLWKLQ D SDUDJRJLFDO FRQWH[W ॡLV DSSOLFDWLRQ
RI GHVLJQ SD॔HUQV H[WHQGV 'DYLG &DYDOOR۟V ४ WKLQNLQJ DERXW WKH HPHUJHQW GHVLJQ
RI OHDUQLQJ HQYLURQPHQWV UHQGHULQJ LW VRPHZKDW PRUH V\VWHPDWLF

&KDSWHU  0HWKRGRORJ\
7LWOH (QFDSVXODWH WKH LGHD ۙ SRVVLEO\ LQFOXGH D VXEWLWOH
'Hक़QLWLRQ ([SODLQ WKH LGHD DQG WKH FRQWH[W LQ ZKLFK LW LV PHDQLQJIXO
3UREOHP ([SODLQ ZK\ WKHUH۟V VRPH LVVXH WR DGGUHVV KHUH
6ROXWLRQ 7DON DERXW DQ LGHD DERXW KRZ WR DGGUHVV WKH LVVXH
&KDOOHQJHV 7DON DERXW ZKDW FDQ JR ZURQJ
:KDWژV 1H[W 7DON DERXW VSHFLਖ਼F QH[W VWHSV
([DPSOHV ,OOXVWUDWLRQV 2EMHFWLYHV DQG 5HIHUHQFHV DUH RSWLRQDO
7DEOH  3DࡉHUQ WHPSODWH IURP WKH 3HHUDJRJ\ +DQGERRN
&KULVWRSKHU $OH[DQGHU ਖ਼UVW LQWURGXFHG GHVLJQ SD॔HUQV DV SDUW RI DQ KROLVWLF DSSURDFK
WR DUFKLWHFWXUH XUEDQ SODQQLQJ DQG FRQVWUXFWLRQ $OH[DQGHU ,VKLNDZD 	 6LOYHUVWHLQ
 $OH[DQGHU  ॡH GHVLJQ SD॔HUQ PHWKRGRORJ\ VSUHDG IURP DUFKLWHFWXUH WR
VR॑ZDUH 9OLVVLGHV +HOP -RKQVRQ 	 *DPPD  &RSOLHQ 	 6FKPLGW  *DEULHO
 DQG ODWHU WR RWKHU ਖ਼HOGV LQFOXGLQJ SXEOLF D੘DLUV 6FKXOHU  DQG HGXFDWLRQ
%HUJLQ HW DO  $ UHOHYDQW UHFHQW VXUYH\ LV LQFOXGHG LQ .RKOV 
$OH[DQGHU۟V SD॔HUQV DUH SUHVHQWHG LQ WUHHOLNH VWUXFWXUH FDOOHG D SDࡉHUQ ODQJXDJH
RUGHUHG LQ D WRSGRZQ PDQQHU IURP ODUJHVFDOH WR VPDOOVFDOH OHYHOV RI DSSOLFDWLRQ ZLWK
HDFK SD॔HUQ SUHVHQWHG LQ WHUPV RI D SLFWXUH D FRQWH[W LQFOXGLQJ OLQNV WR UHOHYDQW ODUJHU
SD॔HUQV WKH SUREOHP WKDW WKH SD॔HUQ DGGUHVVHV WKH VROXWLRQ D GLDJUDP DQG OLQNV WR
VPDOOHU SDࡉHUQV $OH[DQGHU HW DO  SS [[L $ UHODWLYHO\ FRQYLQFLQJ LPSOHPHQWD
WLRQ RI $OH[DQGHU۟V LGHD RI SD॔HUQV DV D ۢOLYLQJ ODQJXDJHۣ $OH[DQGHU HW DO  S [YLL
ZDV UHDOL]HG ZLWK RQH RI WKH HDUOLHVW DSSOLFDWLRQV RI ZLNL VR॑ZDUH GHYHORSHG E\ :DUG
&XQQLQJKDP WKH 3RUWODQG 3D॔HUQ 5HSRVLWRU\∗
7DNLQJ WKH LGHD RI D SD॔HUQ ODQJXDJH DV D SRLQW RI GHSDUWXUH WKH 3HHUDJRJ\ +DQG
ERRN 5KHLQJROG HW DO  LQFOXGHV D FDWDORJ RI SD॔HUQV IRU SHHU SURGXFWLRQ DQG SHHU
OHDUQLQJ WKDW WKH DXWKRUV GLVFRYHUHG ZKLOH ZRUNLQJ RQ WKH ERRN ॡH SD॔HUQV DUH SUH
VHQWHG XVLQJ D WHPSODWH 7DEOH  WKDW LV FORVHO\ DOLJQHG WR WKH VWUXFWXUH FRPLQJ IURP
$OH[DQGHU (DFK SD॔HUQ LV HVVHQWLDOO\ D VKRUW WH[WXDO DEVWUDFW DQG GHVFULEHV DQ DFWLYH
GLPHQVLRQ RI WKH 3HHUDJRJ\ SURMHFW ॡLV HPSKDVLV RQ WKH DFWLYH DVSHFW LV PDGH SDUWLF
XODUO\ FOHDU WKURXJK WKH ۢ:KDW۟V 1H[Wۣ IDFHW ZKLFK FRQFUHWHO\ OLQNV WKH SD॔HUQV LQ WKH
+DQGERRN WR WKH FXUUHQW DFWLYLWLHV EHLQJ FRQGXFWHG ZLWKLQ WKH DHJLV RI WKH 3HHUDJRJ\
SURMHFW ॡH 1HZFRPHU SD॔HUQ LV SUHVHQWHG DV DQ H[DPSOH LQ 7DEOH 
∗?iiT,ff+बX+QKfTT`f

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1HZFRPHU :HOFRPLQJ шEHJLQQHUхV PLQGщ
'Hक़QLWLRQ 8QOHVV WKHUH LV D QHZ SHUVRQ WR WDON WR D ORW RI WKH ۢHGXFDWLRQ
VWX৓ۣ ZH GR FRXOG JURZ SUH॔\ VWDOH 0DQ\ RI WKH SD॔HUQV DQG XVH FDVHV
IRU SHHUDJRJ\ DVVXPH WKDW WKHUH ZLOO EH DQ DXGLHQFH RU D QHZ JHQHUDWLRQ RI
OHDUQHUV
3UREOHP 6RPH RI WKH SUREOHPV DUH ZHOO VXPPHG XS ZLWK D TXRWH
5«JLV %DURQGHDX , MRLQHG WKLV KDQGERRN SURMHFW ODWH PDNLQJPH D ۢQHZ
FRPHUۣ :KHQ , VWDUWHG WR FDWFK XS , UDSLGO\ IDFHG GRXEWV :KHUH GR ,
VWDUW" +RZ FDQ , KHOS" +RZ ZLOO , PDNH LW KDYLQJ WR UHDG PRUH WKDQ 
SRVWV WR FDWFK XS" :KDW WRROV DUH ZH XVLQJ " +RZ GR , XVH WKHP" (WF
$OWKRXJK WKLV SURMHFW LV DPD]LQJO\ LQWHUHVWLQJ FDWFKLQJ WKH WUDLQ ZKLOH LW
DOUHDG\ UHDFKHG KLJK VSHHG FDQ EH DQ H[WUHPH VSRUW %\ WDNLQJ FDUH RI
QHZFRPHUV ZH PLJKW DYRLG ORRVLQJ YDOXDEOH FRQWULEXWRUV EHFDXVH WKH\
GRQ۟W NQRZ KRZ DQG ZKHUH WR VWDUW DQG NHHS RXU RZQ SURMHFW RQ WUDFN
6ROXWLRQ ,W LV JRRG WR WU\ WR EHFRPH DZDUH RI ZKDW D QHZFRPHU QHHGV DQG
ZKDW WKHLU PRWLYDWLRQV DUH $QRWKHU TXRWH FDQ LOOXVWUDWH
&KDUORWWH 3LHUFH -RH ZDV ZRUNLQJ D ORW RQ WKH ERRN DQG , WKRXJKW
ۢWKLV LV LQWHUHVWLQJ KDUG ZRUN DQG KH VKRXOGQ۟W KDYH WR GR WKLV DORQHۣ
$V D 3HHUDJRJ\ QHZFRPHU , ZDV NLQGO\ ZHOFRPHG DQG PHQWRUHG E\ -RH
+RZDUG )DEUL]LR DQG RWKHUV , DVNHG QDLYH TXHVWLRQV DQG ZDV PHW ZLWK
SDWLHQW DQVZHUV JXLGLQJ TXHVWLRQV DQG UHVRXUFH OLQNV &RQFXUUHQWO\ ,
ERRWVWUDSSHG P\VHOI LQWR D SRVLWLRQ WR FRQWULEXWH WR WKH ZRUNਗ਼RZ E\ HGLW
LQJ WKH OLYH PDQXVFULSW IRU FRQVLVWHQF\ VW\OH DQG FRQWLQXLW\
&KDOOHQJHV 1HZFRPHUV LQ WKH 3HHUDJRJ\ SURMHFW KDYH R॑HQ FRPSODLQHG
DERXW IHHOLQJ FRQIXVHG VXJJHVWLQJ WKDW RXU SURMHFW URDGPDS PD\ QRW EH
VXਜ਼FLHQWO\ FOHDU DQG WKDW PRUH ZRUN KDV WR EH GRQH WKH SURMHFW DFFHVVLEOH
(YHQ LQ WKH DEVHQFH RI DFWXDO QHZFRPHUV ZH QHHG WR WU\ DQG ORRN DW WKLQJV
ZLWK D ۢEHJLQQHU۟V PLQGۣ
:KDWژV 1H[W :H UHFHQWO\ UHYLVHG WKH ۢ+RZ WR *HW ,QYROYHGۣ SDJH OLVWLQJ WKH
WRS WHQ VLWHV ZH XVH $QRWKHU UHDVRQDEOH WKLQJ WR SRVW ZRXOG EH D WRSWHQ OLVW
RI DFWLYLWLHV VR WKDW SHRSOH FDQ JHW DQ HDVLHU YLHZ RQ WKH NLQGV RI WKLQJV ZH GR
LQ WKH SURMHFW
7DEOH  ࡍH 1HZFRPHU SDࡉHUQ IURP WKH 3HHUDJRJ\ +DQGERRN
&KDSWHU  0HWKRGRORJ\
ॡH PDLQ IHDWXUHV RI WKH 3HHUDJRJ\ SD॔HUQ WHPSODWH DUH DQDORJRXV WR WKH SDUDJRJ\
SULQFLSOHV >i S @ ॡH GHडQLWLRQ LV PHDQW WR FRQQHFW WKH SD॔HUQ WR D SDUWLFXODU FRQ
WH[W VSHFLI\LQJ WKH SUREOHP SURYLGHV WKH RSSRUWXQLW\ WR H[SODLQ ZK\ WKHUH۟V VRPHWKLQJ
KHUH WR OHDUQ D VROXWLRQ XVXDOO\ LQYROYHV LQWHUDFWLRQV ZLWK SHHUV FKDOOHQJHV DULVH LQ SUDF
WLFH GXH WR WKH QRQOLQHDU QDWXUH RI UHDOZRUOG SUREOHPV DQG ZULWLQJ GRZQ ZKDWڥV QH[W
LQGLFDWHV WKDW D॑HU LGHQWLI\LQJ D SD॔HUQ WKHUH LV XVXDOO\ VWLOO ZRUN WR EH GRQH
ॡLV DSSURDFK VHHPV WR EH D QRYHO LQWHUSUHWDWLRQ RI WKH GHVLJQ SD॔HUQ PHWKRGRORJ\
)RU FRPSDULVRQ WKH 3XEOLF 6SKHUH SURMHFW XVHV D GHWDLOHG WHPSODWH WR HOLFLW LQSXW IRU
WKHLU SD॔HUQ FDWDORJ ॡH\ DLP WR GLVWLOO H[LVWLQJ DPELHQW ۢFLYLF LQWHOOLJHQFHۣ LQ DQ H੘HF
WLYH IRUP∗ۦ +RZHYHU DOWKRXJK WKLV SD॔HUQ ODQJXDJH FRQWLQXHV WR GHYHORS DV D ZRUN
LQ SURJUHVV WKH SD॔HUQV DUH QRW H[SOLFLWO\ OLQNHG WR DFWLRQV WDNHQ LQ WKH SURMHFW 7DEOH
 SUHVHQWV D VXFFLQFW RYHUYLHZ RI WKH 3HHUDJRJ\ SD॔HUQ FDWDORJ ZLWK UHIHUHQFHV WR WKH
0LQVNLDQ KHXULVWLFV IURP 7DEOH  >i S @ ॡLV KHOSV WR VKRZ KRZ WKH 3HHUDJRJ\
SD॔HUQV DUH UHOHYDQW DV D VHW RI KHXULVWLFV IRU VRFLDO SUREOHP VROYLQJ )XUWKHU GHWDLOV DUH
LQ 5KHLQJROG HW DO ۧ ॡH 3HHUDJRJ\ SURMHFW FRQWLQXHV WKH WUDGLWLRQ RI UHਗ਼H[LYH
UHVHDUFKWKURXJKZULWLQJ WKDW ZDV XVHG E\ 7RPOLQVRQ HW DO  %RWK RI WKHVH H੘RUWV
XVHG WKHLU RZQ FROODERUDWLYH ZULWLQJ DQG UHVHDUFK DFWLYLWLHV DV SULPDU\ VRXUFHV RI GDWD
%XLOGLQJ RQ WKLV ERRWVWUDSSHG PDWHULDO WKH DSSOLFDWLRQ KHUH LV FRPSDUDWLYHO\ VWUDLJKW
IRUZDUG ,Q SDUWLFXODU 5KHLQJROG HW DO  DOVR GHDOV ZLWK DQWLSD॔HUQV ۙ ۢ>৒@UHTXHQW
RFFXUUHQFHV WKDW DUH QRW GHVLUDEOHۣ ۙ ZKLFK DUH QRW FRQVLGHUHG KHUH
,Q &KDSWHU  IHHGEDFN DULVLQJ LQ WKH XVHU HYDOXDWLRQ RI 3ODQHW0DWK3ODQHWDU\ LV
DQDO\]HG LQ WHUPV RI WKH 3HHUDJRJ\ SD॔HUQ FDWDORJ DQG WKH FDWDORJ LV H[WHQGHG ZLWK
WKUHH DGGLWLRQDO SD॔HUQV ,Q WKH ZRUN UHSRUWHG LQ &KDSWHU  3ODQHW0DWK XVHUV ZHUH
QRW LQYROYHG GLUHFWO\ LQ GRLQJ SD॔HUQEDVHG DQDO\VLV RU FRPLQJ XS ZLWK QHZ SD॔HUQV
UDWKHU , ZURWH QHZ SD॔HUQV EDVHG RQ ZKDW , OHDUQHG LQ RXU LQWHUYLHZV ,Q SUHSDULQJ WKH
DQDO\VLV , XVHG D ۢSDWK PHWDSKRUۣ VLPLODU WR WKDW HPSOR\HG E\ &KULVWLDQ .RKOV 
 ZKR GHVFULEHV SD॔HUQV LQ WKH ODQJXDJH RI FRQVWUDLQHG RSWLPL]DWLRQ SUREOHPV
FRQVLGHULQJ WKH LQLWLDO VWDWH HQG VWDWH DQG IRUFHV DFWLQJ
$W WKH OHYHO RI SURFHVV , VXFFHVVIXOO\ UHFUXLWHG  SHRSOH ZKR FRPSOHWHG D  GD\
VWXG\ RQ 3ODQHW0DWK WKDW WRRN SODFH WZR PRQWKV D॑HU WKH ODXQFK RI WKH QHZ VR॑ZDUH
V\VWHPi ॡH SDUWLFLSDQWV ZHUH  3ODQHW0DWK XVHUV DQG  PDWKHPDWLFV SRVWJUDGXDWH
VWXGHQWV IURP WKH 2SHQ 8QLYHUVLW\ 7ZR RI WKH 3ODQHW0DWK XVHUV KDG SULRU IDPLOLDULW\
ZLWK 3ODQHW0DWK1R¸VSKHUH DQG WZR 2SHQ 8QLYHUVLW\ 0DVWHUV VWXGHQWV ZHUH IDPLOLDU
ZLWK RQOLQH GLVWDQFH OHDUQLQJ )RXU SDUWLFLSDQWV XVH PDWKHPDWLFV SURIHVVLRQDOO\
∗?iiT,ffTm#HB+bT?2`2T`QD2+iXQ`;fTii2`Mbf+?2i@b?22iXT?T
ۦ?iiT,ffrrrXTm#HB+bT?2`2T`QD2+iXQ`;fi2KTfvQm+M?2HTXT?T
ۧ$QG LQ WKH RQOLQH YHUVLRQ RI WKH ERRN DW ?iiT,ffT22`;Q;vXQ`;fT`+iB+2f
i$ VHYHQWK SDUWLFLSDQW ZDV UHFUXLWHG IURP WKH 3HHUDJRJ\ LQ $FWLRQ*RRJOH FRPPXQLW\ EXW KH GURSSHG
RXW RI WKH VWXG\ EHIRUH FRPSOHWLQJ WKH SODQQHG WDVNV RU DQ LQWHUYLHZ

i 5HYLHZ RI SULPDU\ PHWKRGV
:H VLPSOLI\ WKLQJV IRU D 1HZFRPHU
:H FKDQJH IRFXV E\ XVLQJ D5RDGPDS WR JXLGH XV IURP RQH VWHS WR DQRWKHU
(YHU\ URDGPDS LV DVVRFLDWHG ZLWK $ 6SHFLक़F 3URMHFW DQG WKH VSHFLਖ਼FLW\
LV LPSRUWDQW ,Q DGGLWLRQ WKH SURMHFW۟V +HDUWEHDW OHDGV XV WR OHW JR RI RXU
IRFXV DW RQH PRPHQW DQG UHVXPH ZLWK DQRWKHU SRLQW RI YLHZ ODWHU
:H FKDQJH GHVFULSWLRQ ਖ਼UVW RI DOO E\ KDYLQJ D:UDSSHU ZKR GHVFULEHV WKH
QHZ VWDWH RI WKH SURMHFW )RU WKH 3HHUDJRJ\ SURMHFW WKDW R॑HQ PHDQW VXP
PLQJ XS WKH KLJK SRLQWV WKDW ZH VDZ RYHU D JLYHQ SHULRG RI WLPH ,W VHHPV
SRVVLEOH WKDW ZLWK D ULFK HQRXJK 3DWWHUQ /DQJXDJH WKH GHVFULSWLRQ ZRXOG
LWVHOI EH PDGH LQ WHUPV RI SD॔HUQV
:H GLYLGH ZRUN XS QRW RQO\ ۢKRUL]RQWDOO\ۣ DPRQJ GL੘HUHQW5ROHV EXW DOVR
ۢWHPSRUDOO\ۣ E\ XVLQJ WKH 5RDGPDS 6RPHRQH ZKR LV PRYLQJ DKHDG ZLWK
WKH 5RDGPDS LV OLNHO\ WR EH ۢZRUNLQJ DW WKH FX॔LQJ HGJH ۣ
:KHQ ZH डQG DQ DQDORJ\ ZH DUH EDVLFDOO\&UHDWLQJ D *XLGH RI VRPH VRUW
ॡLV FDQ EH XVHG DV D IRUP RI ۢH[SORUDWLRQ ۣ DV ZH ORRN DW KRZ RQH IRUP RI
HQJDJHPHQW PD\ RU PD\ QRW PDS RQWR RWKHU IRUPV RI HQJDJHPHQW
:KHQ ZH DVN IRU KHOS ZH PD\ DYDLO RXUVHOYHV RI VRPH 0RGHUDWLRQ VHU
YLFH WKDW ZLOO GHFLGH KRZ WR GHDO ZLWK RXU UHTXHVW 2QH VLPSOH ZD\ WR DVN
IRU KHOS LV 3ROOLQJ IRU ,GHDV 2EYLRXVO\ RQFH ZH VWDUW WR JHW KHOS ZH۟UH
ZRUNLQJ LQ D UHJLPH RI ۢFROODERUDWLYH H੘RUW ۣ
,I \RX NQRZ WKH DQVZHU WKHQ \RX PD\ EH DEOH WR UHXVH LW ZKLFK LV WKH
EDVLF LGHD RI 8VH RU 0DNH" 6RPHRQH ZKR NQRZV WKH DQVZHU DQG ZKR LV
JRRG DW VHOIH[SODQDWLRQ PD\ DOVR KDYH D JRRG LGHD DERXW KRZ WR JHW IURP
WKH FXUUHQW VWDWH WR WKH JRDO VWDWH DOWHUQDWLYHO\ WKLV PD\ EH EURNHQ GRZQ
LQWR VWHSV LQ D VXE5RDGPDS DQG PRYLQJ IURP VWHS WR VWHS ZRXOG WKHQ
LOOXVWUDWH ۢSURJUHVVLYH SUREOHP VROYLQJ ۣ
,W LV LPSRUWDQW WR JLYH LW D UHVW VR DV QRW WR RYHUH[KDXVW RQHVHOI EXVWLQJ
RQH۟V RZQ &DUU\LQJ &DSDFLW\ RU DOWHUQDWLYHO\ RYHUZKHOPLQJ WKH JURXS
,W VHHPV WKDW RQH RI WKH WKLQJV WKDW H[SHUWV GR LV 'LVFHUQLQJ D 3DWWHUQ
ॡLV DOORZV WKHP WR VLPSOLI\ WKHLU SURFHVVLQJ
)LQDOO\ DJDLQ LI ZH NQRZ ZK\ LW LV KDUG WKHQ ZH PD\ EH DEOH WR &UHDWH D
*XLGH WKDW ZLOO KHOS JHW DURXQG RU DW OHDVW EH॔HU FRSH ZLWK WKH GLਜ਼FXOW\
7DEOH  2YHUYLHZ RI WKH FHQWUDO SDࡉHUQV LQ WKH 3HHUDJRJ\ +DQGERRN
&KDSWHU  0HWKRGRORJ\
6WHS  <RX۟OO MRLQ DQ KRXUORQJ RQOLQH IRFXV JURXS ZKHUH ,۟OO EULHI \RX RQ WKH WDVNV IRU WKH
QH[W VWHS DQG JLYH D PRUH GHWDLOHG GHVFULSWLRQ RI WKH VWXG\ DV ZHOO DV JDWKHU VRPH LQLWLDO
IHHGEDFN DERXW WKH VLWH LQ DQ RSHQ GLVFXVVLRQ
6WHS  <RX۟OO WU\ RXW WKH QHZ V\VWHP IHDWXUHV WKDW ZH۟YH GHYHORSHG ۙ WKLV FDQ KDSSHQ DV
\RX KDYH WLPH RYHU D ZHHN RU WZR :H۟OO EH DEOH WR WDON DERXW LVVXHV RU FRQFHUQV DV WKH\
DULVH LQ WKH 3ODQHW0DWK IRUXPV
6WHS  <RX۟OO PHHW PH ZLWK PH IRU D VPDOO JURXS RU RQHWRRQH LQWHUYLHZ WR WDON DERXW \RXU
H[SHULHQFHV ZLWK WKH V\VWHP WKLV ZLOO DJDLQ WDNH OHVV WKDQ DQ KRXU
)LJXUH  6WHSV LQ WKH XVHU HYDOXDWLRQ IURP DQ HPDLO VHQW WR  KLJKVFRULQJ DQG UHFHQWO\
DFWLYH 3ODQHW0DWK XVHUV
ॡH VWHSV LQ WKH VWXG\ DUH LQGLFDWHG LQ )LJXUH  ,Q DQ LQLWLDO PHHWLQJ KHOG YLD 6N\SH
, ZDONHG VWXG\ SDUWLFLSDQWV WKURXJK D VHW RI VFUHHQVKRWV IURP 3ODQHW0DWK3ODQHWDU\
SUHVHQWHG KHUH LQ &KDSWHU  $V D VHW RI WDVNV WR FRPSOHWH RYHU WKH QH[W  GD\V ,
DVNHG SDUWLFLSDQWV WR WU\ HDFK RI WKH IHDWXUHV GHVFULEHG LQ WKH VFUHHQVKRWV , DVNHG XVHUV
WR LQWURGXFH WKHPVHOYHV WR GHVFULEH WKHLU PDWKHPDWLFDO EDFNJURXQG DQG WR VD\ ZKDW LQWHU
HVWHG WKHP DERXW WKH VWXG\ , VXJJHVWHG WKDW WKH\ ZRUN WRJHWKHU LQ FDVH RI DQ\ GLਜ਼FXOWLHV
D॔HPSWLQJ LQ WKLV ZD\ WR IRVWHU D SHHU OHDUQLQJ FXOWXUH ZLWKLQ WKH JURXS 3DUWLFLSDQWV
ZKR GLGQ۟W \HW KDYH 3ODQHW0DWK DFFRXQWV PDGH WKHP DW WKH VWDUW RI WKH VWXG\ 2YHU WKH
QH[W  GD\V PRVW SDUWLFLSDQWV WULHG PDQ\ RI WKH WDVNV VRPHWLPHV SRVWLQJ FRPPHQWV
DERXW WKHLU H[SHULHQFH LQ WKH 3ODQHW0DWK IRUXPV DQG VRPHWLPHV HPDLOLQJ PH GLUHFWO\
WR DVN IRU KHOS $॑HU WKH  GD\ SHULRG KDG HODSVHG , FRQGXFWHG LQGLYLGXDO IROORZXS
LQWHUYLHZV
$V LQ WKH LQLWLDO VWXG\ ZLWK VWDNHKROGHUV WKH PDLQ TXHVWLRQ , IRFXVHG RQ LQ WKH LQWHU
YLHZV ZDV ZRXOG 3ODQHW0DWK EH UHOHYDQW WR WKH ZD\ \RX VWXG\ DQG GR PDWKHPDWLFV" , DOVR
WULHG WR HOLFLW LGHDV WKDW PLJKW KHOS WR LPSURYH WKH VLWH PDNLQJ XVH RI VKDUHG IDPLOLDULW\
ZLWK WKH V\VWHP
'XULQJ WKH LQWHUYLHZV , WRRN JUDSKLFDO QRWHV DQG PDGH DXGLR UHFRUGLQJV ZKHQ SRV
VLEOH ,QWHUYLHZ GDWD ZDV DQDO\]HG WZLFH ਖ਼UVW RQ D WKHPDWLF EDVLV E\ FRQQHFWLQJ XVHU
IHHGEDFN WR WKH PDLQ GLPHQVLRQV RI WKH GHVLJQ RI 3ODQHW0DWK3ODQHWDU\ GLVFXVVHG LQ
&KDSWHU  DQG DJDLQ E\ ORRNLQJ IRU PDWFKLQJ SD॔HUQV LQ WKH 3HHUDJRJ\ SD॔HUQ FDWDORJ
7DEOH  ॡH LGHD LQ WKH SD॔HUQ DQDO\VLV ZDV WKDW HLWKHU WKH H[LVWLQJ FDWDORJ RI 3HHUD
JRJ\ SD॔HUQV ZRXOG GHVFULEH WKH WRSLFV XQGHU GLVFXVVLRQ RU QHZ SD॔HUQV ZRXOG HPHUJH
ZLWK OLQNV WR WKH H[LVWLQJ SD॔HUQV VKRZLQJ KRZ WKH\ DUH VLPLODU RU GL੘HUHQW ,Q HLWKHU
FDVH D FRQWULEXWLRQ ZLOO KDYH EHHQ PDGH WR HQKDQFLQJ WKH XVHIXOQHVV DQG GHVFULSWLYH
SRZHU RI WKH SD॔HUQ FDWDORJ

i 6XPPDU\
 6XPPDU\
ॡH SD॔HUQV WKDW JXLGH EHKDYLRU LQ WKH 3ODQHW0DWK FRQWH[W DUH UHODWHG WR KLVWRULFDO
PDWKHPDWLFV SUDFWLFHV EXW DUH XQGHUVWRRG WR KDYH IHDWXUHV WKDW DUH HPHUJHQW LQ WKH QHZ
VH॔LQJ ॡLV LQYLWHV D ۢ'H/DQGDQۣ SHUVSHFWLYH RQ FXOWXUH WKDW ORRNV DW WKH HPHUJHQW
G\QDPLFV ZLWKLQ DQG DFURVV VHYHUDO OHYHOV RI DQDO\VLV ॡH SULPDU\ PHWKRGV DUH VWD
WLVWLFDO DQDO\VLV RI KLVWRULFDO GDWD TXDOLWDWLYH ਖ਼HOG ZRUN LPSOHPHQWDWLRQ RI D VR॑ZDUH
V\VWHP IRU FROODERUDWLRQ DQG HPHUJHQW GHVLJQ
6HYHUDO QRYHO PHWKRGRORJLFDO SRLQWV ZHUH LQWURGXFHG LQFOXGLQJ WKH VLPSOH LGHD RI
XVLQJ YRFDEXODU\ JURZWK DV SDUW RI D VWDWLVWLFDO PRGHO RI OHDUQLQJ LQ D WHFKQLFDO GRPDLQ
DQG WKH PRUH FRPSOH[ LGHD RI XVLQJ GHVLJQ SD॔HUQV WR UHSUHVHQW WKH KHXULVWLF DQG HPHU
JHQW DVSHFWV RI SDUDJRJLFDO SURMHFWV 3DUDJRJ\ ZDV XVHIXO LQ GHYHORSLQJ DQ LQLWLDO HQWLW\
UHODWLRQ GLDJUDP IRU 3ODQHW0DWK3ODQHWDU\ DQG QHZ VFKHPHV IRU DQDO\]LQJ TXDOLWDWLYH
GDWD ,Q WKLV ZD\ SDUDJRJ\ KDV EHHQ EDNHG LQWR WKH GHVLJQ RI ERWK WKH VR॑ZDUH V\VWHP
DQG WKH UHVHDUFK SURFHVV
ॡH RYHUDOO DLP LV WR GR UHVHDUFK WKURXJK LWHUDWLYH GHYHORSPHQW ZLWKLQ DQ HPHUJHQW
GHVLJQ IUDPHZRUN $ NH\ OLPLWDWLRQ LV WKDW WKH IROORZLQJ FKDSWHUV DUH RQO\ RQH UHVHDUFK
F\FOH ॡLV ZRUN QHFHVVDULO\ IRFXVHV RQ WKH GLPHQVLRQV ZKLFK DUH FXUUHQWO\ DFFHVVLEOH WR
VWXG\ IRU H[DPSOH ۢYRFDEXODU\ XVHۣ DV RSSRVHG WR ۢKHXULVWLF XVHۣ ۙ DV ZHOO DV WKH PRVW
EDVLF WHFKQRORJLHV DQG XVH FDVHV ॡH SULPDU\ PHULW RI WKH DSSURDFK LV WKDW LW RSHQV WKH
ZD\ WR D SDUWLFLSDWRU\ FRPSXWHUPHGLDWHG VWXG\ RI PDWKHPDWLFDO FXOWXUH


 $Q $QDO\VLV RI /HDUQLQJ
,QWHUDFWLRQV LQ
3ODQHW0DWK1R¸VSKHUH
ࢌH क़UVW VWXG\ IRFXVHV RQ XQGHUVWDQGLQJ WKH HॗHFWV RI SHHU VXSSRUW RQ OHDUQLQJ
LQ WKH FRXUVH RI HQF\FORSHGLD DXWKRULQJ DFWLYLWLHV DQG IRUXP GLVFXVVLRQV RQ WKH
RULJLQDO 3ODQHW0DWK
 ࢌH IXQGDPHQWDO SUREOHP RI LQVWUXPHQWDWLRQ
ॡLV FKDSWHU ORRNV DW ZKDW FDXVHV D FKDQJH LQ SURSHQVLW\ WR XVH QHZ YRFDEXODU\
ZRUGV DPRQJ FRQWULEXWRUV WR WKH 3ODQHW0DWK ZHEVLWH ,Q DGGLWLRQ WR QHZ YRFDEXODU\ LQ
SUDFWLFH WKHUH DUH RI FRXUVH PDQ\ RWKHU QRQOLQJXLVWLF HPERGLHG EHKDYLRUV WKDW SHRSOH
OHDUQ ZKHQ WKH\ OHDUQ PDWKHPDWLFV ॡH VWDWLVWLFDO PHWKRGRORJ\ HPSOR\HG KHUH ZRXOG
EH HTXDOO\ DSSOLFDEOH WR WKH H੘HFW RI EHKDYLRU RQ ZRUG XVH RU WKH H੘HFW RI ZRUG XVH
RQ EHKDYLRU ॡH IRFXV LV QRW RQ WKH LQWHUQDO RU HPERGLHG RUJDQL]DWLRQ RI OHDUQLQJ EXW
RQ WKH VRFLDO FRYDULDWHV DQWHFHGHQWV DQG SRVVLEOH SUHFLSLWDWLQJ FDXVHV ॡH SDUWLFXODU
VWUHQJWK RI WKH PHWKRG WKDW ZDV HPSOR\HG KHUH LV WKDW XQOLNH VWDQGDUG WLPH VHULHV PHWK
RGV WKLV DSSURDFK LV GHVLJQHG WR ਖ਼OWHU RXW H੘HFWV WKDW DUH GXH WR ۢFDOHQGDU WLPH ۣ OLNH
VHDVRQDOLW\ OHDYLQJ RQO\ H੘HFWV WKDW DUH WLHG WR WKH ۢJDS WLPHۣ EHWZHHQ HYHQWV ॡH WHFK
QLTXH ZRUNV ZLWK DQ\ SDLU RI WLPH VHULHV YHFWRUV RQH UHSUHVHQWLQJ WKH WUHDWPHQWV DQG
RQH UHSUHVHQWLQJ WKH RXWFRPHV
)URP D TXDOLWDWLYH SHUVSHFWLYH GHVFULELQJ D JLYHQ DQWHFHGHQW IRU H[DPSOH JLYLQJ
LQVWUXFWLRQ DV D ۢFDXVHۣ RI OHDUQLQJ LV UDWKHU WKLQ LW PD\ EH EH॔HU WR VSHDN RI VWDWLVWLFDO
H੘HFWV DV ۢFDWDO\VWVۣ FI 'H/DQGD ४ $॑HU DOO ZH FRXOG DOZD\V JR EDFN IXUWKHU
ORRNLQJ IRU HDUOLHU DQG GHHSHU FRQWULEXWLQJ FDXVHV :KDW WKH PHWKRG XVHG KHUH VKRZV
LV WKDW WKHUH ZDV D VLJQLਖ਼FDQW VRFLDO FRQWULEXWLRQ WR OHDUQLQJ LQ 3ODQHW0DWK1R¸VSKHUH
DQG LW VKRZV WKH GL੘HUHQWLDO H੘HFW RI WZR GL੘HUHQW FDWDO\VWV

&KDSWHU  /HDUQLQJ LQ 3ODQHW0DWK1R¸VSKHUH
'XH WR LW۟V JHQHUDOLW\ WKH PHWKRG H[KLELWHG LQ DFWLRQ KHUH LV D FDQGLGDWH VROXWLRQ
WR WKH IXQGDPHQWDO SUREOHP RI LQVWUXPHQWDWLRQ KRZ GR ZH NQRZ LI LWڥV ZRUNLQJ" )RU
H[DPSOH LI ZH ZHUH WR XVH 3ODQHW0DWK WR PDNH UHFRPPHQGDWLRQV DV LQ WKH XVH FDVH
IURP )LJXUH  >i S @ ZH ZRXOG ZDQW WR NQRZ WKDW WKH UHFRPPHQGDWLRQV ZHUH
KDYLQJ WKH GHVLUHG H੘HFW ॡH PHWKRG GHPRQVWUDWHG KHUH FRXOG KHOS
 'HVLJQ DQG UHODWHG ZRUN
ॡH VWXG\ DLPV WR GHPRQVWUDWH WKDW SHHU LQWHUDFWLRQV LQ 3ODQHW0DWK1R¸VSKHUH KDG
D WDQJLEOH DQG PHDVXUDEOH H੘HFW RQ OHDUQLQJ RXWFRPHV 1HZ W\SHV RI LQWHUDFWLRQV PD\
SURGXFH YDVWO\ GL੘HUHQW DQG VWURQJHU H੘HFWV ,W ZLOO EH LPSRUWDQW WR KDYH D IUDPHZRUN
IRU DQDO\VLV WKDW FDQ EH XVHG WR JDXJH WKH H੘HFW RI WKHVH LQWHUDFWLRQV RQ GHVLUHG RXW
FRPHV
ॡH VWXG\ R੘HUV D SUHOLPLQDU\ TXDQWLWDWLYH DQDO\VLV RI OHDUQLQJ RQ 3ODQHW0DWK XVLQJ
OHJDF\ GDWD IURP WKH VLWH۟V ਖ਼UVW  \HDUV RI H[LVWHQFH (YHQ WKRXJK 3ODQHW0DWK ZDV QRW
GHVLJQHG WR IXQFWLRQ DV D OHDUQLQJ HQYLURQPHQW GXULQJ WKLV SKDVH E\ GHVLJQ LW KDG DQ
H[SOLFLW ۢSHGDJRJLF VODQWۣ >i S @ DQGU LW LV UHDVRQDEOH WR K\SRWKHVL]H WKDW SHRSOH
ZHUH LQ IDFW OHDUQLQJ WKURXJK WKHLU LQWHUDFWLRQV RQ WKH VLWH
,W LV LPSRUWDQW WR PHQWLRQ WKDW GXULQJ WKLV WLPH SHULRG WKH JURZWK RI WKH 3ODQHW0DWK
HQF\FORSHGLD DQG LQ LWV PHWDGDWD OD\HU DQ DVVRFLDWHG PDWKHPDWLFV OH[LFRQ ZDV WKH
NH\ PHDVXUHPHQW RI VXFFHVV 3UDFWLFHV RI SHHU UHYLHZ DQG QRUPV OLNH ۢRQH GHਖ਼QLWLRQ
SHU FRQFHSWۣ DQG ۢSURRIV VKRXOG EH VHOIFRQWDLQHGۣ D੘RUGHG D GHJUHH RI LQWHJUDWLRQ DQG
ULJRU WKDW ZRXOG QRW EH GLUHFWO\ SRVVLEOH ZLWK D IXOO\GLVWULEXWHG LQIRUPDWLRQ VRXUFH OLNH
WKH EORJRVSKHUH
/HDUQLQJ QHZ WKLQJV DQG VKDULQJ H[LVWLQJ NQRZOHGJH ZHUH WZR SRVVLEOH PRWLYDWLRQV
IRU FRQWULEXWLQJ WR WKH HQF\FORSHGLD ,Q VRPH VHQVH WKH OD॔HU PRWLYDWLRQ ZRXOG KDYH
WR EH W\SLFDO IRU HQF\FORSHGLD DXWKRUV ۙ DOWKRXJK WKH WZR PRWLYDWLRQV DUH QRW PXWXDOO\
H[FOXVLYH DV H[SUHVVHG LQ WKH DGDJH ۢࡍH EHVW ZD\ WR OHDUQ LV WR WHDFKۣ /XN 	 :DQJ

'LVWLQJXLVKLQJ EHWZHHQ WKH XVH RI QHZ ZRUGV DW WKH SHUVRQDO DQG FRPPXQLW\ OHYHOV
PLJKW KHOS WR GLVWLQJXLVK EHWZHHQ WKHVH WZR PRWLYDWLRQV 6RPHRQH ZKR R॑HQ XVHV QHZ
ZRUGV RQ D SHUSHUVRQ EDVLV WKDW DUH QRW QHZ RQ D FRPPXQLW\ZLGH EDVLV PD\ EH D PRUH
W\SLFDO OHDUQHU 6RPHRQH ZKR FRQVLVWHQWO\ DGGV JOREDOO\ QHZ ZRUGV LV PRUH OLNHO\ WR EH
DQ H[SRVLWRU\ ZULWHU RU UHVHDUFKHU
ॡLV VWXG\ IRFXVHV RQ WKH XVH RI QHZ ZRUGV RQ D SHUSHUVRQ EDVLV ZLWKRXW GLVWLQ
JXLVKLQJ WKH ZRUGV WKDW DUH JOREDOO\ QHZ IURP WKRVH WKDW DUH RQO\ SHUVRQDOO\ QHZ ॡH
DQDO\VLV IRFXVHV RQ WKH LPPHGLDWH FDWDO\VWV IRU WKH XVH RI D QHZ ZRUG FRPSDULQJ D VHOI

i 'HVLJQ DQG UHODWHG ZRUN
VWDUWHG H੘HFW SRVWLQJ LQ WKH IRUXP DQG DQ RWKHUVWDUWHG H੘HFW UHFHLYLQJ D FRUUHFWLRQ
)RU WKH SXUSRVH RI WKH VWXG\ DQ\ XVH RI D SHUVRQDOO\ QHZ ZRUG LV WKRXJKW RI DV D SRVL
WLYH RXWFRPH DQG FRQVLGHUHG WR LQGLFDWH OHDUQLQJ LQ VRPH IRUP∗ (YHQ LI LQ PDQ\ FDVHV
WKLV LV OHDUQLQJ LQ WKH FRXUVH RI SUDFWLFLQJ VRPHWKLQJ WKDW RQH DOUHDG\ NQRZV UHDVRQDEO\
ZHOO LW LV LQWHUHVWLQJ WR XQGHUVWDQG WKH VRFLDO FDWDO\VWV IRU VXFK SUDFWLFH
,Q RUGHU WR IDFLOLWDWH WKH FRPSDULVRQ EHWZHHQ WKH WZR H੘HFWV , SURFHVVHG DOO RI WKH
GDWD GHVFULELQJ FRQWULEXWLRQV WR WKH 3ODQHW0DWK HQF\FORSHGLD IURP WKH ਖ਼UVW  \HDUV RI
WKH ZHEVLWH DQG IRXQG WKH WLPHVWDPSHG FKDQJHVHWV ZKHUH HDFK XVHU ਖ਼UVW XVHV D WHUP
WKDW LV SDUW RI 3ODQHW0DWK۟V WHFKQLFDO OH[LFRQ ॡHVH WHFKQLFDO WHUPV LQFOXGH WKH WLWOHV RI
DUWLFOHV DV ZHOO DV V\QRQ\PV QRWHG E\ WKH DXWKRU LQ DUWLFOH PHWDGDWD $ORQJ ZLWK WKLV
ZRUG XVDJH GDWD WLPHVWDPSHG HQWULHV LQ WKH GDWDEDVH VKRZLQJ ZKHQ DXWKRUV KDG HLWKHU
SRVWHG LQ WKH IRUXP RU UHFHLYHG D FRUUHFWLRQ
ॡLV GDWDZDV WKHQ DQDO\]HG XVLQJ WKH UHFHQWO\ GHYHORSHG FRPSXWDWLRQDOPHWKRG IURP
7LPRWK\ 7HUDYDLQHQ۟V 3K' WKHVLV 6HPLSDUDPHWULF (VWLPDWLRQ RI D *DSWLPH$VVRFLDWHG
+D]DUG )XQFWLRQ 7HUDYDLQHQ  GLVFXVVHG LQ RYHUYLHZ LQ :X HW DO  ॡLV ZRUN
IDOOV ZLWKLQ WKH ਖ਼HOG RI VWDWLVWLFV NQRZQ DV VXUYLYDO DQDO\VLV FI )OHPLQJ 	 +DUULQJWRQ
 ॡH PHWKRG HVWLPDWHV WKH LQFUHDVH LQ OLNHOLKRRG DVVRFLDWHG ZLWK WKH VSHFLਖ਼HG RXW
FRPH KHUH XVLQJ D QHZ ZRUG D॑HU WKH WUHDWPHQW HYHQW KHUH HLWKHU WKH VHOILQLWLDWHG
WUHDWPHQW RI SRVWLQJ LQ WKH IRUXP RU WKH RWKHULQLWLDWHG WUHDWPHQW RI UHFHLYLQJ D FRUUHF
WLRQ ॡH FKDQJH LQ OLNHOLKRRG LV FRQVLGHUHG LQ FRPSDULVRQ WR D RWKHUZLVH HTXLYDOHQW
XVHU ZKR GLG QRW UHFHLYH WKH WUHDWPHQW DQG WKH UHVXOWV DUH DYHUDJHG DFURVV DOO FRQWULEXW
LQJ XVHUV DQG DOO WLPH
)RU FRPSDULVRQ $OEHUW/£V]Oµ %DUDE£VL۟V SDSHU RQ ۢॡH RULJLQ RI EXUVWV DQG KHDY\
WDLOV LQ KXPDQ G\QDPLFVۣ %DUDE£VL  XVHV D ODUJH FROOHFWLRQ RI HPDLO FRUUHVSRQ
GHQFH DV D GDWD VRXUFH %DUDE£VL۟V PRGHOV XVH SRZHU ODZ IXQFWLRQV ZKLFK DUH JHQ
HUDOL]HG E\ WKH 2UQVWHLQ8KOHQEHFN SURFHVV DW WKH FRUH RI WKH FRPSXWDWLRQDO PRGHO
HPSOR\HG KHUH %HKPH  S 
ॡHUH DUH PDQ\ UHOHYDQW WHFKQLTXHV IRU GHDOLQJ ZLWK VRFLDO QHWZRUNV DQG WLPH VHULHV
GDWD FI 5DMDUDPDQ 	 8OOPDQ  &KDSWHU  ॠHQRXLOOH  6WDQGDUG FURVV
FRUUHODWLRQ LV WKH PRVW W\SLFDO DSSURDFK WR VWXG\LQJ WLPH VHULHV GDWD EXW LW FDQQRW GLV
WLQJXLVK EHWZHHQ JDS WLPH H੘HFWV DQG FDOHQGDU WLPH H੘HFWV )RU WKLV VWXG\ WKH W\SLFDO
JDS WLPH LV RI LQWHUHVW UDWKHU WKDQ VHDVRQDO H੘HFWV 0DQ\ PRGHOLQJ H੘RUWV FRQVLGHU RQO\
WKH UHODWLYH VHTXHQFH RI HYHQWV GLVFDUGLQJ WKH WLPHVWDPSV ۙ HJ $EER॔  ۙ EXW WKLV
DSSURDFK LV QRW ZHOOVXLWHG WR VWXG\LQJ DFWLYLWLHV WKDW DUH GLVWULEXWHG RYHU ORQJ SHULRGV
ZLWK EXUVWV RI DFWLYLW\
∗&I /HXQJ >i S @ +DOOLGD\ >i S @ DQG 0LQVN\ >i S @ IRU VRPH RI WKH FRQVLGHUDWLRQV
LQYROYHG ZLWK XVLQJ YRFDEXODU\ JURZWK DV D SUR[\ PHDVXUH IRU OHDUQLQJ

&KDSWHU  /HDUQLQJ LQ 3ODQHW0DWK1R¸VSKHUH
9DULRXV FRUSXV WHFKQLTXHV FRXOG EH XVHG WR H[WUDFW PHDQLQJIXO SD॔HUQV IURP D WH[W
3XVWHMRYVN\ $QLFN 	 %HUJOHU  $Q\ UHਖ਼QHPHQW WR WKH LQSXW GDWD ZRXOG EH FRP
SDWLEOH ZLWK WKH VWDWLVWLFDO PRGHO XVHG KHUH DV ORQJ DV WKH GDWD FDQ EH PDSSHG WR D
WLPH VHULHV :RUN ZLWK QDPHG HQWLWLHV LV SDUWLFXODUO\ VWUDLJKWIRUZDUG DQG ZHOOVWXGLHG
1DGHDX 	 6HNLQH  ॡH /,:& PHQWLRQHG LQ &KDSWHU  LV DQ H[DPSOH RI WKLV VRUW RI
DSSURDFK DQG IRFXVHV RQ SV\FKRORJLFDOO\ PHDQLQJIXO ZRUGV LQFOXGLQJ SURQRXQV DQG
ZRUGV UHODWHG WR HPRWLRQV DQG FDXVDOLW\ FI 3HQQHEDNHU HW DO 
0HWKRGV
ॡH ODVW WHQ \HDUV RI YHUVLRQHG HQF\FORSHGLD DUWLFOHV ZHUH ORDGHG LQWR *LW ZKLFKPDGH
LW UHODWLYHO\ HDV\ WR H[WUDFW OLQHE\OLQH GL੘HUHQFHV EHWZHHQ YHUVLRQV XVLQJ ;Bi HQ; DQG
;Bi b?Qr ॡHVH FKDQJH VHWV ZHUH DQDO\]HG XVLQJ D WHUP VSR॔LQJ DSSURDFK ZLWK WHFK
QLFDO WHUPV GUDZQ IURP WKH WKHVDXUXVOLNH PHWDGDWD IURP 3ODQHW0DWK۟V HQF\FORSHGLD
DUWLFOHV ॡLV ZDV GRQH XVLQJ DG KRF FRGH LPSOHPHQWHG DURXQG D UHJXODU H[SUHVVLRQ
EDVHG VHDUFK∗ ॡH IXQFWLRQDOLW\ LV VLPLODU WR WKDW RI 3ODQHW0DWK۟V DXWROLQNLQJ WRRO
11H[XV *DUGQHU .URZQH 	 ;LRQJ  DQG ZLWK D IHZ FKDQJHV WR 11H[XV WKH
PHWKRG XVHG KHUH FRXOG EH UHDGLO\ DGDSWHG WR PDNH XVH RI WUDQVFULSWHG 11H[XV GDWD
6XEMHFW WR WKH JHQHUDO FDYHDWV DERYH WKDW GHWHFWHG ZRUGV PD\ LQ PDQ\ FDVHV EH H[SR
VLWLRQ HYHQWV UDWKHU WKDQ HOHPHQWDU\ OHDUQLQJ HYHQWV WKH RXWFRPH RI LQWHUHVW LV DQ\
HQF\FORSHGLD HGLW WKDW LQFOXGHV D QHZ ZRUG IURP WKH OH[LFRQ SHUXVHU FRQVLGHUHG UHOD
WLYH WR WKH KLVWRU\ RI WKHLU SUHYLRXV FRQWULEXWLRQV WR WKH HQF\FORSHGLD 'XULQJ WKH WLPH
SHULRG XQGHU REVHUYDWLRQ 2FW  ۙ'HF   IRU WKH SRSXODWLRQ RI  ۢFRPPLW
WHUVۣ XQGHU FRQVLGHUDWLRQ ۙ H[DFWO\ WKH SRSXODWLRQ RI SHUVRQV IRU ZKRP ZH KDYH HGLWV
RQ UHFRUG ۙ WKHUH ZHUH D WRWDO RI  IRUXP SRVWV PDGH  FRUUHFWLRQV UHFHLYHG DQG
 PRGLਖ਼FDWLRQV WR WKH HQF\FORSHGLD LQ ZKLFK DQ\ QRQ]HUR QXPEHU RI QHZ SHU XVHU
WHFKQLFDO WHUPV ZHUH GHWHFWHGۦ ॡH PHWKRG DSSOLHG WR DQDO\]H WKLV GDWD ZDV D VOLJKW
YDULDWLRQ RQ WKDW VWXGLHG LQ 7HUDYDLQHQ  LQ ZKLFK WKH SULPDU\ DSSOLFDWLRQ ZDV
WR VHTXHQFHV RI HYHQWV ZLWK D VWDWLVWLFDO VHOIUHWULJJHULQJ SURSHUW\ WKDW GLG QRW SUHVHQW
WKH QHHG WR GLVWLQJXLVK EHWZHHQ ۢWUHDWPHQWۣ DQG ۢRXWFRPH ۣ +HUH WKH FRPSXWDWLRQ ਖ਼UVW
LGHQWLਖ਼HV JDSV EHWZHHQ WUHDWPHQW DQG RXWFRPH HYHQWV DQG WKHQ DLPV WR HVWLPDWH WKH
H੘HFW WKDW WKH PRVW UHFHQW SUHYLRXV WUHDWPHQW KDG RQ D JLYHQ RXWFRPH ,W GRHV WKLV E\
ਖ਼॔LQJ WKH GDWD WR D SK\VLFDO PRGHO ZLWK WZR SULPDU\ GLPHQVLRQV DQ LQLWLDO LPSXOVH DQG
D GDPSLQJ H੘HFW DQ ۢ2UQVWHLQ8KOHQEHFN SURFHVVۣ 7HUDYDLQHQ FRQVLGHUV VWRFKDVWLF
JHQHUDOL]DWLRQV RI WKLV PRGHO WKDW ZHUH QRW DSSOLHG LQ WKH FRPSXWDWLRQV KHUH
∗?iiT,ffK2iK2bQXQ`;fDQ2fKi?fi?2bBb@bmTTH2K2Mif
ۦ3ODQHW0DWK GHਖ਼QHV TXLWH D IHZPRUH WKDQ  WHUPV DQG RQH PLJKW H[SHFW DQ DJJUHJDWHG SHU SHUVRQ
XVDJH VWDWLVWLF WR EH VWLOO ELJJHU WKDQ WKH WRWDO QXPEHU RI WHUPV DYDLODEOH ॡH UHDVRQ IRU D ORZHU ਖ਼JXUH
PD\ EH DFFRXQWHG IRU E\ FODULI\LQJ MXVW ZKDW ZDV FRXQWHG DV D ۢXVDJH HYHQWۣ )LUVW DUWLFOHV FDQ GHਖ਼QH
PXOWLSOH WHUPV DQG LI PXOWLSOH WHUPV DUH LQWURGXFHG LQ RQH HGLWLQJ SDVV WKHQ WKLV ZRXOG RQO\ FRXQW DV RQH
LQVWDQFH RI ۢQHZ ZRUG XVDJHۣ 6HFRQG PDQ\ DUWLFOHV KDYH WLWOHV OLNH ۢSURRI RI . . . WKHRUHPۣ ZKLFK QHYHU
DSSHDU LQ WKH DUWLFOH۟V ERG\ DQG ZKLFK FRQVHTXHQWO\ ZRXOGQ۟W EH GHWHFWHG LQ WKH FKDQJHVHWV

i (VWLPDWLQJ HॗHFWV
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)LJXUH  $ SORW VKRZLQJ WKH GLठHUHQWLDO HठHFW RI $ DQ H[RJHQRXV WUHDWPHQW UHFHLYLQJ D
FRUUHFWLRQ DQG % DQ HQGRJHQRXV WUHDWPHQW SRVWLQJ LQ WKH IRUXP RQ XVLQJ QHZ ZRUGV
LQ WKH HQF\FORSHGLD
 (VWLPDWLQJ HॗHFWV
,QWULQVLF VHOIPRWLYDWLRQ LV D ZHOONQRZQ FDWDO\VW IRU OHDUQLQJ ,W LV LQWHUHVWLQJ WR
FRQVLGHU WKH GL੘HUHQWLDO H੘HFW RQ OHDUQLQJ RXWFRPHV IURP VWLPXOL WKDW DUH VHOIGULYHQ
IURP VWLPXOL WKDW DUH LQLWLDWHG E\ SHHUV 7ZR WUDMHFWRULHV DORQJ WKHVH GLPHQVLRQV DUH
H[DPLQHG
7UDMHFWRU\ $ ॡH H੘HFW RI FRUUHFWLRQV UHFHLYHG RQ QHZ WHFKQLFDO WHUPV XVHG
7UDMHFWRU\ % ॡH H੘HFW RI SRVWLQJ LQ WKH IRUXP RQ QHZ WHFKQLFDO WHUPV XVHG
7UDMHFWRU\ $ LV RWKHUPRWLYDWHG 7UDMHFWRU\ % LV VHOIPRWLYDWHG EXW RFFXUV ZLWKLQ
D VRFLDO FRQWH[W $V VKRZQ LQ )LJXUH  7UDMHFWRU\ $ KDV D VWURQJ LQLWLDO H੘HFW EXW
ZHDUV R੘ UHODWLYHO\ TXLFNO\ ZKHUHDV 7UDMHFWRU\ % KDV D PXFK PRUH PRGHUDWH H੘HFW

&KDSWHU  /HDUQLQJ LQ 3ODQHW0DWK1R¸VSKHUH
DQG ZHDUV R੘ VORZO\ ॡLV VXJJHVWV WKDW SHRSOH ZKR DUH PRWLYDWHG WR SRVW LQ WKH IRUXP
DUH DOVR PRWLYDWHG WR NHHS DGGLQJ QHZ FRQFHSWV LQ HQF\FORSHGLD DUWLFOHV ۙ DQG LW DOVR
VKRZV WKH VWURQJ YDOXH RI SHHU VXSSRUW HYHQ DPRQJ WKLV VHOIVHOHFWHG JURXS RI KLJKO\
VHOIPRWLYDWHG SHRSOH
 3RWHQWLDO UHक़QHPHQWV
,Q WKH ਖ਼UVW SODFH ZLWKRXW FRQVLGHULQJ DQ\ VHPDQWLF H[WHQVLRQV WR WKH XQGHUO\LQJ
PRGHO LW ZRXOG EH XVHIXO WR KDYH FRQਖ਼GHQFH LQWHUYDOV DURXQG WKH FXUYHV LQ )LJXUH 
6XFK HVWLPDWHV DUH IRUWKFRPLQJ∗
,W ZRXOG EH XVHIXO WR H[WHQG WKHPRGHO WR VWXG\ VHYHUDO GL੘HUHQW WUHDWPHQWV LQ SDUDOOHO
WKLV FRXOG KHOS WR WHDVH RXW WKH GL੘HUHQWLDO H੘HFW RI D VRFLDOO\PRWLYDWHG SRVW LQ WKH IRUXP
YHUVXV DQ HGLW WR WKH HQF\FORSHGLD $W WKHPRPHQW WKHPRGHO FRPSDUHV D JLYHQ WUHDWPHQW
WR ۢQR WUHDWPHQWۣ LW ZRXOG EH XVHIXO WR EH DEOH WR UXQ PRUH HODERUDWH VLPXODWHG FRQWURO
VWXGLHV
ॡH FXUUHQW PRGHO GRHV QRW PDNH XVH RI WKH ۢQHWZRUNHGۣ DVSHFW RI WKH 3ODQHW0DWK
HQF\FORSHGLD RU WKH XQGHUO\LQJ VRFLDO QHWZRUN $ PRUH LGHDO PRGHO RI DQ LQGLYLGXDO۟V
OHDUQLQJ SD॔HUQV ZRXOG FRQVLGHU WKH JHRPHWULF IHDWXUHV RI WKH V\VWHP WKDW WKH\ DUH
VWXG\LQJ ,W VHHPV UHDVRQDEOH WR K\SRWKHVL]H WKDW SHUVRQ ZRXOG EH PRUH OLNHO\ WR OHDUQ
WHUPV WKDW DUH QHDU WHUPV WKDW WKH\ DOUHDG\ NQRZ DQG HVSHFLDOO\ OLNHO\ WR VHUHQGLSL
WRXVO\ RU RSSRUWXQLVWLFDOO\ OHDUQ WKLQJV WKDW DUH DGMDFHQW WR WRSLFV WKH\ DUH FXUUHQWO\
ZRUNLQJ RQ $ VLPSOH SULRU GLVWULEXWLRQ FRXOG EH HPSOR\HG VD\LQJ WKDW DOO HOVH HTXDO
WHUPV DUH PRVW OLNHO\ WR EH OHDUQHG LQ SURSRUWLRQ WR WKHLU 3DJH5DQN RU LQYHUVHO\ LQ SUR
SRUWLRQ WR WKHLU PDWKHPDWLFDO GHSWK ZKLFK FRXOG EH HVWLPDWHG E\ RWKHU JUDSKWKHRUHWLF
GLVWDQFH IURP NQRZQ HOHPHQWDU\ FRQFHSWV
$SDUW IURP PRGHOLQJ LVVXHV WR GR ZLWK SHUVRQDO OHDUQLQJ KLVWRU\ WKH PRGHOLQJ SURE
OHP LV FRPSOLFDWHG E\ WKH IDFW WKDW SHRSOH DUH GL੘HUHQW IURP RQH DQRWKHU LQ ZD\V WKDW
KDYH QRWKLQJ WR GR ZLWK WKH GRPDLQ 2QH SRVVLEOH DGDSWDWLRQ RI WKH FXUUHQW VFKHPH
ZRXOG XVH D 'LULFKOHW SULRU WKDW WDNHV LQWR DFFRXQW WKH IDFW WKDW WKHUH DUH ۢGL੘HUHQW NLQGV
RI SHRSOHۣ )RU LQVWDQFH ZH FRXOG FDWHJRUL]H XVHUV DFFRUGLQJ WR WKH DSSDUHQW VWUHQJWK
RI WKHLU LQWULQVLF PRWLYDWLRQ 6RPH XVHUV PD\ UHTXLUH PRUH D॔HQWLRQ LI WKH\ DUH WR VWD\
LQYROYHG 0RUH EURDGO\ ZH PLJKW ZDQW WR FRQVLGHU LQGLYLGXDOV ZLWK D UDQJH RI IHDWXUHV
SHU %URGHULFN 0DFNH\ 3DLVOH\ 	 -RUGDQ 
$Q DOWHUQDWLYH LQWHUSUHWDWLRQ RI WKH 3ODQHW0DWK GDWD ZRXOG FRPH IURP WUDQVSRVLQJ
WKH PDWUL[ VR WKDW LQVWHDG RI ORRNLQJ DW QHZWHUPVSHUXVHU ZH FRXOG ORRN DW QHZXVHUV
SHUWHUP ॡLV DSSURDFK ZRXOG XVHIXO IRU VWXG\LQJ FRPPXQLW\OHYHO OLQJXLVWLF FKDQJH
∗7LPRWK\ 7HUDYDLQHQ SHUVRQDO FRPPXQLFDWLRQ

i 6XPPDU\
9RFDEXODU\ JURZWK KDV SUHYLRXVO\ EHHQ VWXGLHG ZLWK WKH DLP RI SUHGLFWLQJ XVHU PLJUD
WLRQ $FFRUGLQJ WR 'DQHVFX1LFXOHVFX0L]LO :HVW -XUDIVN\ /HVNRYHF DQG 3R॔V 
ۢ>D@ࡆHU DQ LQLWLDO SHULRG RI DGDSWDWLRQ WR WKH ODQJXDJH RI WKHLU FRPPXQLW\ >    @ LQGLYLGX
DOVڥ ODQJXDJH SDࡉHUQV VORZO\ ULJLGLI\ XQWLO WKH PRPHQW WKH\ DEDQGRQ WKH FRPPXQLW\ۣ ,W
ZRXOG EH LQWHUHVWLQJ WR VHH ZKHWKHU WKHUH DUH H[SOLFLW VWUDWHJLHV IRU OLIHORQJ OHDUQLQJ LQ
D GHHS GRPDLQ OLNH PDWKHPDWLFV WKDW KHOS PDLQWDLQ XVHU LQWHUHVW
,W ZRXOG DOVR EH LQWHUHVWLQJ WR ORRN DW WKH GHYHORSPHQWDO FRXUVH RI OHDUQLQJ GR LQGL
YLGXDO XVHUV XQGHUJR LQWHQVLYH SHULRGV RI OHDUQLQJ VLPLODU WR WKH EXUVWLQHVV VWXGLHG E\
%DUDE£VL " 'R XVHUV OHDUQ QHZ QRQOLQJXLVWLF EHKDYLRUV DORQJ ZLWK QHZ YRFDEX
ODU\ SHU ,YHUVRQ 	 ॡHOHQ "
 6XPPDU\
ॡLV FKDSWHU KDV HPSOR\LQJ D QHZ VWDWLVWLFDO PHWKRG WR HVWLPDWH WKH H੘HFW RI WZR
GL੘HUHQW WUHDWPHQWV RQ OHDUQLQJ RXWFRPHV $Q DQDORJRXV VWXG\ FRXOG EH SHUIRUPHG
LQ DQ\ FRQWH[W ZKHUH OHDUQLQJ FDQ EH PRGHOHG E\ YRFDEXODU\ JURZWK ॡLV LQFOXGHV
WHFKQLFDO GRPDLQV DQG SRWHQWLDOO\ DQ\ ERRN ZLWK DQ LQGH[
ॡH VLJQLਖ਼FDQFH RI WKH DSSURDFK LV FRQVLGHUDEO\ PRUH JHQHUDO VLQFH DV VXJJHVWHG LQ
SULQFLSOH E\ :X HW DO  DQG QRZ LOOXVWUDWHG KHUH WKH VDPH WHFKQLTXHV FDQ EH XVHG
WR PRGHO WKH H੘HFW RI DQ\ WLPHGHOLQHDWHG VHULHV RI ۢEOLS WUHDWPHQWVۣ RQ D WLPHGHOLQHDWHG
YHFWRU RI RXWFRPHV
ॡH WHFKQLTXHV FDQ EH DSSOLHG GLUHFWO\ WR VWXG\ GLVFUHWH RQOLQH LQWHUDFWLRQV WKDW DUH
OLNHO\ WR KDYH H੘HFWV RQ OHDUQLQJ RXWFRPHV RU RWKHU YDOXHG JRDOV :LWK IXUWKHU UHਖ਼QH
PHQWV WKLV VRUW RI DQDO\VLV FRXOG LQIRUP YDULHG GLDJQRVWLF DQG UHFRPPHQGDWLRQ VHUYLFHV
$OWKRXJK WKHVH LVVXHV DUH QRW GHYHORSHG IXUWKHU LQ WKH WKHVLV WKLV FKDSWHU GRHV LOOXVWUDWH
WKH SRWHQWLDO XVHIXOQHVV RI JDWKHULQJ YDULHG GDWD RQ XVHU LQWHUDFWLRQV DQG WKLV SRLQW LV
WDNHQ XS DJDLQ LQ &KDSWHU 


 6XUYH\LQJ 6WDNHKROGHU
3HUVSHFWLYHV
ࢌH VHFRQG VWXG\ HPSOR\V TXDOLWDWLYH PHWKRGV WR EXLOG D ULFKHU SLFWXUH RI WKH
VWDNHKROGHUV LQ D SHHU OHDUQLQJ HQYLURQPHQW IRU PDWKHPDWLFV
 2YHUYLHZ
ॡH SXUSRVH RI WKLV VWXG\ ZDV WR XQGHUVWDQG WKH SHUVSHFWLYHV RQ 3ODQHW0DWK۟V UHEXLOG
IURP VHYHUDO OLNHO\ XVHU DQG VWDNHKROGHU JURXSV ۙ VWXGHQWV PDWKHPDWLFLDQV DQG ۢUHਗ਼HF
WLYH SUDFWLWLRQHUVۣ ॡH OD॔HU JURXS LV XQGHUVWRRG WR LQFOXGH SKLORVRSKHUV VRFLDO VFLHQ
WLVWV HGXFDWRUV DQG FRPSXWHU VFLHQWLVWV ZKRVH ZRUN FRQWULEXWHV WR DQ ۢLQTXLU\ LQWR WKH
HSLVWHPRORJ\ RI SUDFWLFHۣ LQ WKH PDWKHPDWLFV GRPDLQ FI 6FK¸Q  S YLLL
$VNLQJ SRWHQWLDO 3ODQHW0DWK XVHUV ZKDW WKH\ ZRXOG H[SHFW IURP D ۢSHHU OHDUQLQJ
HQYLURQPHQW IRU PDWKHPDWLFVۣ R੘HUV WKH RSSRUWXQLW\ WR OHDUQ VRPHWKLQJ DERXW ZKDW
WKH\ WKLQN DERXW PDWKHPDWLFV SHU VH DQG WR XQGHUVWDQG WKH UROH WKDW FRPSXWHUPHGLDWHG
FRPPXQLFDWLRQ SOD\V LQ VKDSLQJ WKHLU SHUVSHFWLYHV
, KDYH HQGHDYRUHG WR FRQYH\ WKH XQGHUVWDQGLQJV WKDW P\ UHVHDUFK VXEMHFWV R੘HUHG LQ
WHUPV RI WKH PHDQLQJV WKDW DUH RSHUDQW IRU WKHP LQ RXU FRQYHUVDWLRQV ॡH LGHD RI 3ODQ
HW0DWK FRQVWLWXWHV D PLQRU SHUWXUEDWLRQ WR WKH OLIHZRUOGV RI WKHVH UHVHDUFK VXEMHFWV
WKHLU IUDPLQJ RI ۢWKH TXHVWLRQۣ RI 3ODQHW0DWK LV RI SDUWLFXODU LQWHUHVW
$ PHDQLQJUHDFWLRQ LV >    @D डࡉLQJ DGMXVWPHQWDO UHVSRQVH ZKLFK LQGLYLGXDOV DFTXLUH
WKURXJK WKH GLUHFW LQढXHQFH RI WKH VXUURXQGLQJ REMHFWV DQG FRQGLWLRQV ,W LV LQ WKLV ZD\
WKDW D PHDQLQJUHDFWLRQ EHFRPHV WKH PHDQV IRU EULQJLQJ DERXW DQ HVSHFLDOO\ डࡉLQJ
DGMXVWPHQW RI WKH SHUVRQ WR KLV VXUURXQGLQJV .DQWRU 

&KDSWHU  6XUYH\LQJ 6WDNHKROGHU 3HUVSHFWLYHV
,Q VRPH FDVHV WKH VXEMHFW۟V UHVSRQVHV WR 3ODQHW0DWK DQG ZKDW LW UHSUHVHQWV ZHUH
HQWKXVLDVWLF ۙ DQG LQ RWKHU FDVHV KLJKO\ VNHSWLFDO :KHUHYHU WKHVH UHVSRQVHV ZHUH QRW
HQWLUHO\ H[SOLFLW ZKHWKHU WKH\ ZHUH IDYRUDEOH RU XQIDYRUDEOH , KDYH H[SDQGHG WKH GLV
FXVVLRQ WR KHOS SXW WKHP LQ FRQWH[W )RU H[DPSOH SHUKDSV WKH PRVW ۢLQWHUSUHWDWLYHۣ
PRYH RQ P\ SDUW ZDV WR SRLQW RXW WKH FRQQHFWLRQV EHWZHHQ VWXGHQWV۟ H[SOLFLW PHQWLRQ
RI WUXVW DQG WKH XQVSRNHQ LVVXH RI FUHGLW
$W WKLV SRLQW LW LV QRW HQWLUHO\ DSSURSULDWH WR WKLQN RI WKH FROODWHUDO DGMXVWPHQWV
WKDW DUH LQGLFDWHG IRU 3ODQHW0DWK DV ۢUHTXLUHPHQWVۣ LQ WKH W\SLFDO HQJLQHHULQJ VHQVH
, KDYH FDOOHG WKHP ۢGHVLGHUDWDۣ IROORZLQJ 5DOSK  ॡH IHHGEDFN HOLFLWHG DW WKLV
VWDJH SRLQWV WR ORQJWHUP JRDOV WKDW DUH QRW ZKROO\ UHDOL]HG E\ WKH LPSOHPHQWDWLRQ ZRUN
GHVFULEHG LQ &KDSWHU  $W WKH VDPH WLPH WKH ZRUN SUHVHQWHG LQ WKLV FKDSWHU XVHIXOO\
FRQYH\V D VHQVH ERWK WKDW WKLV LPSOHPHQWDWLRQ ZRUN LV ۢRQ WUDFNۣ DQG D PHDQLQJIXO
LQGLFDWLRQ RI ZKDW LW LV SRLQWHG WRZDUGV
ॡLV UHVHDUFK LV EDVHG RQ D IRFXV JURXS , UDQ ZLWK  SRVWJUDGXDWH VWXGHQWV LQ FRP
SXWLQJ DW WKH 2SHQ 8QLYHUVLW\ DQG D  GD\ UHVHDUFK YLVLW WR (GLQEXUJK ZKLFK ZDV
VSHQW SDUWO\ DW WKH 'HSDUWPHQW RI ,QIRUPDWLFV DW WKH 8QLYHUVLW\ RI (GLQEXUJK DQG SDUWO\
DW +HULRW:D॔ ,Q (GLQEXUJK P\ SULPDU\ LQIRUPDQWV ۙ ZKR KDYH DJUHHG WR EH QRQ
DQRQ\PRXV LQ WKLV UHSRUW ۙ ZHUH 0XUGRFK -DPHV *DEED\ DQG $OLVRQ 3HDVH , VFKHGXOHG
P\ YLVLW DW D WLPH ZKHQ , ZDV DOVR DEOH WR VSHDN ZLWK 8UVXOD 0DUWLQ 7LPRWK\ *RZ
HUV 0RKDQ *DQHVDOLQJDP DQG $QGUHZ $EHUGHLQ DQG WKLV FKDSWHU EHQHਖ਼WV IURP WKRVH
GLVFXVVLRQV )URP D SUDFWLFDO VWDQGSRLQW D VWDQGDUG RI QRQDQRQ\PLW\ DPRQJ WKH SUR
IHVVLRQDOV , VSRNH ZLWK LV MXVWLਖ਼HG EHFDXVH FRQQHFWLRQV WR SXEOLVKHG ZRUN DUH GLVFXVVHG
LQ WKH FKDSWHU IURP DQ HWKLFV VWDQGSRLQW WKLV FKRLFH ZDV VHHQ DV MXVWLਖ਼DEOH VLQFH WKH
SRLQWV GLVFXVVHG ZHUH QRW FRQWHQWLRXV RU HVSHFLDOO\ SHUVRQDO +DG , EHHQ LQWHUHVWHG LQ
D GHWDLOHG HWKQRJUDSKLF GHVFULSWLRQ RI WKH OLYHV RI WKHVH LQIRUPDQWV , ZRXOG KDYH RSWHG
WR GLVJXLVH WKH UHVSRQVHV ZLWK SVHXGRQ\PV
$OWKRXJK WKH ਖ਼HOGZRUN PHWKRGV XVHG LQ WKH WZR VH॔LQJV ZHUH VRPHZKDW GL੘HUHQW
ۙ D ۢਖ਼VKERZOۣ VW\OH GLVFXVVLRQ DURXQG P\ SURPSWV LQ WKH VWXGHQW IRFXV JURXS DW ॡH
2SHQ 8QLYHUVLW\ DQG VHYHUDO GD\V RI UHODWLYHO\ LPPHUVLYH GLVFXVVLRQV ZLWK SURIHVVLRQ
DOV LQ (GLQEXUJK >i SS @ ۙ , KDYH SUHVHQWHG WKH ਖ਼QGLQJV LQ D XQLIRUP IRUPDW
,QVHW TXRWHV DUH SDUDSKUDVHV RI WKLQJV WKDW UHVSRQGHQWV VDLG WKH UHOHYDQW LVVXHV DUH
WKHQ H[SDQGHG LQ P\ RZQ ZRUGV 5HIHUHQFHV >&@ۙ>&@ SRLQW WR VXSSRUWLQJ GDWD LQ
$SSHQGL[ & ॡH FRQFOXVLRQV SUHVHQWHG LQ WKH WH[W ZHUH R॑HQ EXW QRW DOZD\V DUULYHG
DW MRLQWO\ ZLWK WKH UHVHDUFK VXEMHFWV
ॡH ਖ਼QGLQJV DUH SUHVHQWHG LQ GHWDLO LQ WKH VHFWLRQV WKDW IROORZ ZKHUH WKH\ DUHPDSSHG
WR WKH SDUDJRJLFDO IUDPHZRUN RI GLPHQVLRQV RI FKDQJH IURP &KDSWHU  $ EULHI ۢFRP
SRVLWHۣ RYHUYLHZ LV SUHVHQWHG MXVW EHORZ

i $ VWXGHQW SHUVSHFWLYH
6WXGHQW
$V ORQJ DV WKHLU XQLYHUVLW\ FRXUVHV SURYLGH HYHU\WKLQJ WKDW FXUUHQW VWXGHQWV DUH VHHN
LQJ WKH\ DUH XQOLNHO\ WR XVH 3ODQHW0DWK HYHQ DV DQ DQFLOODU\ WRRO $QG \HW LW VHHPV
FOHDU WKDW 3ODQHW0DWK FRXOG EH XVHG DV D IRUP RI DOWHUQDWLYH FUHGHQWLDOL]DWLRQ ۙ WKURXJK
D WUDQVSDUHQW UHFRUG RI FRQWULEXWLRQV LQFOXGLQJ SUREOHPV VROYHG ۙ RU DV D WH[WERRN RU
HYHQ DV D FRXUVH PDQDJHPHQW WRRO
0DWKHPDWLFLDQ
)RU DPDWKHPDWLFV UHVHDUFKHU FRQWULEXWLQJ WR SXEOLF GLVFXVVLRQV DERXWPDWKHPDWLFV LV
QRW W\SLFDOO\ GRQH GLUHFWO\ IRU WKH SXUSRVH RI ۢJH॔LQJ FUHGLWۣ DV LQ VRPHWKLQJ WR SXW RQ
RQH۟V &9 EXW UDWKHU EHFDXVH LW KHOSV ZLWK UHVHDUFK ॡHUH DUH PDQ\ ZD\V WKLV FRXOG EH
EH॔HU VXSSRUWHG ERWK RQ 3ODQHW0DWK DQG ZLWK WRROV WKDW ZRUN DFURVV WKH ZHE :RUNLQJ
LQ WKH FDSDFLW\ RI LQVWUXFWRU D SURIHVVLRQDO PDWKHPDWLFLDQ QHHGV WR KHOS VWXGHQWV OHDUQ
UHOHYDQW VRFLDO DV ZHOO DV WHFKQLFDO VNLOOV 2QH ZD\ WR HQFRXUDJH WKLV LV WR PDNH VXLWDEO\
VWUXFWXUHG SHHU LQWHUDFWLRQ D UHTXLUHG FRPSRQHQW RI FRXUVHV 6RPH RI WKHVH LQWHUDFWLRQV
FRXOG WDNH SODFH RQOLQH
3KLORVRSKHU
3KLORVRSKHUV RI PDWKHPDWLFV ZRUNLQJ ZLWKLQ WKH HPSLULFLVW WUDGLWLRQ DUH LQWHUHVWHG
LQ WKH ZD\V LQ ZKLFK XQGHUVWDQGLQJ DULVHV ॡLV FDQ EH VWXGLHG XVLQJ YDULRXV NLQGV
RI PRGHOV UDQJLQJ IURP KHXULVWLF IUDPHZRUNV LPSRVHG RYHU GDWD JHQHUDWHG WKURXJK
KXPDQ LQWHUDFWLRQ WR FRPSXWHU VLPXODWLRQV ,QVLJKWV JDLQHG WKURXJK WKLV ZRUN FDQ KHOS
WR LPSURYH HGXFDWLRQ WRRO GHVLJQ DQG FDQ DOVR FRQWULEXWH WR WKH ਖ਼HOG RI DUWLਖ਼FLDO LQWHOOL
JHQFH 3ODQHW0DWK FRXOG EH ERWK D VRXUFH RI XVHIXO LQIRUPDWLRQ DQG D FRQVXPHU RI WKH
SKLORVRSKHU۟V LQVLJKWV
 $ VWXGHQW SHUVSHFWLYH
ڨ&DQ ZH WUXVW WKH SHRSOH ZKR
DUH FRQWULEXWLQJ"ک >&@
&KDQJLQJ WKH QDWXUH RI WKH VSDFH ॡH LVVXH
RI WUXVW ZDV UDLVHG HYHQ EHIRUH , KDG VKDUHG DQ\
GHWDLOV DERXW ZKLFK IDFWRUV PLJKW DOUHDG\ H[LVW
WKDW PLJKW LQVWLOO WUXVW ॡLV PLQRU LQFRQJUXLW\ VXJJHVWV WKDW WKH LVVXH RI WUXVW PLJKW
EH FRQਗ਼DWHG ZLWK DQRWKHU GHHSHU LVVXH , VXVSHFWHG WKDW WKLV ZDV WKH LVVXH RI FUHGLW
,Q D XQLYHUVLW\ FRXUVH VWXGHQWV FDQ WUXVW WKHLU LQVWUXFWRUV DQG 7$V WR DGKHUH WR FOHDU
FRQWUDFWXDO REOLJDWLRQV ॡH\ FDQ WUXVW WKDW LI WKH\ SXW IRUWK D UHDVRQDEOH IRFXVHG H੘RUW
WKH\ ZLOO HDUQ DQ DSSURSULDWH PDUN 6R LW LV FOHDU WKDW LQ WKH WUDGLWLRQDO XQLYHUVLW\ VHW
WLQJ WUXVW DQG FUHGLW DUH FORVHO\ OLQNHG +RZHYHU ZLWKRXW H[SOLFLW D॔HQWLRQ WR FUHDWLQJ
VXLWDEOH PHFKDQLVPV LQ RQOLQH SHHU SURGXFWLRQ V\VWHPV QHLWKHU WUXVW QRU FUHGLW LV WKHUH

&KDSWHU  6XUYH\LQJ 6WDNHKROGHU 3HUVSHFWLYHV
E\ GHIDXOW $FFRUGLQJO\ V\VWHPV IRU GLVWULEXWHG SURGXFWLRQ LQFOXGLQJ 4	$ VLWHV RSHQ
VRXUFH VR॑ZDUH SURMHFWV DQG RQOLQH HQF\FORSHGLDV ۙ VRPH WR EH॔HU H੘HFW WKDQ RWKHUV ۙ
KDYH DOO FUHDWHG WKHLU RZQ PHFKDQLVPV IRU EXLOGLQJ WUXVW DQG PDLQWDLQLQJ TXDOLW\ >i
S @ ,W VHHPV WKDW WUXVW DQG FUHGLW JR ZHOO WRJHWKHU RQOLQH DV ZHOO DV RੜLQH ,I LW LV
HDV\ WR VHH ZKDW VRPHRQH KDV FRQWULEXWHG DQG SHUKDSV ZKDW RWKHUV WKRXJKW DERXW LW
WKHQ LW۟V DOVR UHDVRQDEOH WR H[SHFW WKHLU HQJDJHPHQW ZLOO FRQWLQXH URXJKO\ LQ WKH VDPH
YHLQ
ڨ'RHV 3ODQHW0DWK SURYLGH
VXSSRUW IRU SURJUHVVLYH SUREOHP
VROYLQJ"ک >&@
&KDQJLQJ ZKDW , NQRZ DERXW P\VHOI 6PDOO
PRYHV ZLWK FRQWLQXRXV IHHGEDFN DW HDFK VWDJH
FRXOG KHOS EXLOG WKH XVHU۟V FRQਖ਼GHQFH ॡH IHHG
EDFN PD\ UHYHDO WKDW WKH\ NQRZ WKH DQVZHU WR
WKH SUREOHP IRU H[DPSOH ۙ DQG LI QRW WDNLQJ VPDOO VWHSV PHDQV WKDW WKH XVHU LV QHYHU
WRR IDU IURP ZKDW WKH\ GR NQRZ ,QGHHG PDWKHPDWLFV QDWXUDOO\ EUHDNV GRZQ LQWR VPDOO
VWHSV EXW LW PD\ QRW EH REYLRXV KRZ WKLV ZRUNV IRU D EHJLQQHU /HDUQLQJ KRZ WR EUHDN D
WDVN GRZQ LQWR VPDOO LQGLYLGXDOO\PDVWHUDEOH VWHSV LV D XVHIXO VNLOO DQG FDQ KHOS PDNH
PDWKHPDWLFV OHVV GDXQWLQJ 0LJKWRQ ∗ 6WXGHQWV DOVR QHHG WR OHDUQ SHUVLVWHQFH
EXW SHUVLVWHQFH WKURXJK PDQ\ VPDOO VWHSV LV RQH URXWH WR WKLVۦ 0RUH EURDGO\ WHDFKLQJ
WKDW PDWKHPDWLFDO DELOLW\ FDQ EH GHYHORSHG WKURXJK KDUG ZRUN WHQGV WR KDYH D ODVWLQJ
SRVLWLYH H੘HFW 'ZHFN  
ڨ:KHQ ,ڥP SURJUDPPLQJ ,
ORRN XS HUURU PHVVDJHV RQOLQH
EXW LQ P\ &DOFXOXV FRXUVH ,
GRQڥW ZDQW WR DVN D TXHVWLRQ
XQWLO ,ڥYH UHDOO\ WKRXJKW D ORW
DERXW WKH DQVZHUک >&@
&KDQJLQJ P\ SHUVSHFWLYH ,Q ZKDW PLJKW EH
FDOOHG LQVWUXPHQWDO SUREOHP VROYLQJ VRPH SLHFH
RI LQIRUPDWLRQ LV QHHGHG DV VRRQ DV SRVVLEOH LW
LV RI ਗ਼HHWLQJ LQWHUHVW DQG OLPLWHG DSSOLFDWLRQ ,Q
QRQLQVWUXPHQWDO SUREOHP VROYLQJ WKH QHHGV DUH
LQ VRPH VHQVH VLPXODWLRQDO UDWKHU WKDQ LQIRUPD
WLRQDO :KDW LV DW VWDNH LV EXLOGLQJ D ODVWLQJ PHQ
WDO PRGHO RI KRZ WKLQJV ZRUN ॡH QRPLQDO XVH RI DQ HQF\FORSHGLD LV IRU ORRNXS ۙ
WKH HQF\FORSHGLD FDQ SOD\ WKH UROH RI WKH PRGHO 2Q WKH RWKHU KDQG SHHU LQWHUDFWLRQV
RSHQ XS WKH ZRUOG RI QRQLQVWUXPHQWDO SUREOHP VROYLQJ ,W ZRXOG EH SRVVLEOH WR PDNH
D IXUWKHU GLVWLQFWLRQ DQG VD\ WKDW LQVWUXPHQWDO SUREOHPV FDQ EH VROYHG WUDQVDFWLRQDOO\
ZKHUHDV QRQLQVWUXPHQWDO SUREOHPV FDQ RQO\ EH VROYHG LQWHUDFWLRQDOO\
ڨ$UH WKHUH JRRG PHFKDQLVPV IRU
JHࡉLQJ DQG JLYLQJ IHHGEDFN"ک
>&@
&KDQJLQJ FRQWHQW RU FRQQHFWLYLW\ 3DUWLFL
SDQWV KDG PDQ\ LGHDV DERXW KRZ WKH VLWH VKRXOG
JLYH IHHGEDFN ۙ UDQJLQJ IURP KDYLQJ KLQWV DYDLO
DEOH WR EXLOGLQJ ULFK ۢRQWRORJ\ RI SUREOHPVۣ ,W
∗&I *RZHUV >i S @ DQG /HXQJ >i S @
ۦ-LP 3LWPDQ SHUVRQDO FRPPXQLFDWLRQ

i $ VWXGHQW SHUVSHFWLYH
RFFXUUHG WR PH WKDW VLQFH WKH\ KDG PDQ\ FUHDWLYH LGHDV DERXW WKLV LQ WKH ORQJ UXQ LW
ZRXOG EH DV LPSRUWDQW WR EH DEOH WDNH QHZ IHHGEDFN RQ ERDUG DV WR JLYH LW RXW $ ULFK
JLYHDQGWDNH RI IHHGEDFN JHWV WR WKH FUX[ RI QRQSURYLVLRQLVW SHHU OHDUQLQJ 7RROV OLNH
*HW 6DWLVIDFWLRQ∗ DUH WKH W\SLFDO ZD\ WR HOLFLW DQG UHFRUG XVHUV۟ LGHDV DERXW V\VWHP IHD
WXUHV 2I FRXUVH DFWXDOO\ DFWLQJ RQ WKH IHHGEDFN WHQGV WR EH WKH UHDO VWLFNLQJ SRLQW DQG
WKH RQO\ ZD\ WR NHHS IHHGEDFN FRPLQJ 7UDQVIRUPLQJ D ਗ਼RZ RI R॑HQ KLJKO\ WUDQVLHQW
D॔HQWLRQ LQWR XVDEOH FRGH FDOOV IRU GHHS FRQVLGHUDWLRQ RI ۢWKH PDWFK EHWZHHQ FRJQLWLYH
SURFHVVHV DQG WKH VWDWLVWLFDO VWUXFWXUH RI WKH HQYLURQPHQWV LQ ZKLFK WKH\ IXQFWLRQۣ 'KDPL
+HUWZLJ 	 +R੘UDJH  ۙ DFURVV UDWKHU GL੘HUHQW SRSXODWLRQV $ SURMHFW XVXDOO\ ZLOO
QRW ORRN WKH VDPH WR SURJUDPPHUV DQG HQG XVHUV FI $ERXODਖ਼D  i
ڨ6RPH SHRSOH DUH PRUH VRFLDO LQ
WKHLU SUREOHP VROYLQJ WKDQ
RWKHUV ڟ DQG VRPH SUREOHPV
OHQG WKHPVHOYHV EHࡉHU WR VRFLDO
SUREOHP VROYLQJک >&@
&KDQJLQJ REMHFWLYHV 2QH PLJKW K\SRWKHVL]H
D FODVV RI HQYLURQPHQWDOO\GLVWULEXWHG SUREOHPV
WKDW DUH WRR FRPSOLFDWHG WR VLPXODWH HDVLO\ DQG
IRU ZKLFK WKH HQYLURQPHQW LV WKH EHVW PRGHOۦ
2Q WKLV EDVLV DQ HFRQRPLFV RI SUREOHP VROYLQJ
EHJLQV WR XQIROG WKDW LV UHPLQLVFHQW RI &RDVH۟V
 WKHRU\ RI WKH ਖ਼UP ॡHUH LV D FODVV RI SUREOHPV WKDW LV EHVW VROYHG ۢLQKRXVHۣ
E\ LQWHUDFWLQJ ZLWK DQG GHYHORSLQJ RQH۟V SHUVRQDO PHQWDO PRGHOV ۙ EHFDXVH EXLOGLQJ
WKH PHQWDO PRGHO LV WKH UHDO SRLQW ॡHUH LV D FODVV RI SUREOHPV ZKHUH WKH DQVZHU FDQ
EH UHWULHYHG IURP RQH۟V H[LVWLQJ PHQWDO PRGHO ॡLV LV WKH VWDQGDUG FDVH RI NQRZLQJ ۙ
RU ZKDW PLJKW LQ D OLWLJLRXV IUDPH RI PLQG EH FDOOHG ۢLQWHOOHFWXDO SURSHUW\ۣ ॡHUH LV D
WKLUG FODVV RI SUREOHPV WKDW DUH EHVW VROYHG WKURXJK D WUDQVDFWLRQ ZLWK WKH HQYLURQPHQW
E\ ORRNXS RU VHDUFK ۙ LQ WKLV FDVH WKH RQO\ DVSHFW RI WKH PHQWDO PRGHO WKDW PD॔HUV
LV NQRZLQJ ZKHUH RU KRZ WR ORRN ॡLV LV WKH FRQQHFWLYLVW۟V DFWLRQDEOH NQRZOHGJHۧ
$QG WKHUH LV D IRXUWK FODVV RI SUREOHP ZKLFK LV DJDLQ EHVW VROYHG LQWHUDFWLRQDOO\ EXW
WKLV WLPH E\ LQWHUDFWLQJ ZLWK RWKHUV D॑HU WKH PRGHO RI WKH FRPPRQV UDWKHU WKDQ WKDW
RI WKH ਖ਼UP ۙ LQ D PHHWLQJ RI PLQGV ,Q SUDFWLFH LW VHHPV WKHUH ZLOO DOZD\V EH D GHJUHH
RI VRFLDOLW\ LQ WKH VHQVH RI EHLQJ ۢEHWZL[W DQG EHWZHHQۣ >i S @ ۙ D VDYDQW ZLOO WKLQN
IRU D PRPHQW EHIRUH DQVZHULQJ IRU H[DPSOH ॡH UHOHYDQFH IRU 3ODQHW0DWK LV WKDW VRPH
SHRSOH ZLOO ZDQW WR IROORZ UHODWLYHO\ ZHOO GHWHUPLQHG FKDQQHOV ZKLFK R੘HU UHDVRQDEO\
DVVXUHG UHVXOWV ZKHUHDV RWKHUV ZLOO ZDQW WR H[SHULPHQW ZLWK QHZ PRGHOV RU WDFNOH
SUREOHPV ZLWK JUHDWHU ULVNV 2XWVLGH RI FRPSXOVRU\ HGXFDWLRQ WKH VWXGHQW LV W\SLFDOO\
VRPHRQH ZKR ZDQWV WR HDUQ D FUHGHQWLDO RI VRPH VRUW ZKLFK SXWV VRPH FRQVWUDLQWV
RQ WKH GHJUHH RI QHZQHVV ॡH ۢVWDQGDUGۣ PHWKRGV VKRXOG EH ORZ KDQJLQJ IUXLW IRU
3ODQHW0DWK
∗?iiTb,ff;2ibiBb7+iBQMX+QKf
ۦ&I &ODUN  DOVR )H\QPDQ 
ۧ&I 6LHPHQV >i S @ DQG .URZQH >i S @

&KDSWHU  6XUYH\LQJ 6WDNHKROGHU 3HUVSHFWLYHV
 $ PDWKHPDWLFLDQژV SHUVSHFWLYH
ڨ,W ZRXOG EH XVHIXO WR KDYH
EHࡉHU V\VWHPV IRU JLYLQJ DQG
UHFHLYLQJ IHHGEDFNک >&@
&KDQJLQJ WKH QDWXUH RI WKH VSDFH  'HYHORS
HPSLULFDO VWXGLHV DQG D FULWLFDO DSSDUDWXV
$V -DPLH H[SODLQHG WRPH WKH UHOHYDQFH RI FKDQJ
LQJ FRPPXQLFDWLRQ WHFKQRORJ\ IRU D PDWKHPDWL
FLDQ FDQ EH GLVFXVVHG E\ DQDORJ\ WR FRQVLGHUDWLRQV DERXW D YHU\ GL੘HUHQW VRUW RI WHFK
QRORJ\ D FRPPXWHU ELF\FOH $ ELF\FOH ZLWK D K\EULG GHVLJQ DQG DQ LQWHUQDOO\JHDUHG
KXE ULGHV DERXW  VORZHU WKDQ D ELF\FOH ZLWK WUXH URDG JHRPHWU\ UXQQLQJ D GHUDLOOHXU
V\VWHP $ FRPPXQLFDWLRQ WHFKQRORJ\ FDQ KDYH VLPLODU EHQHਖ਼FLDO RU GHWULPHQWDO H੘HFWV
FRQFHUQLQJ NQRZOHGJH WUDQVIHU DQG V\QWKHVLV $V WKLV LV WKH PDWKHPDWLFLDQ۟V EUHDG DQG
EX॔HU LW LV D VXEMHFW RI VRPH FRQVLGHUDEOH FRQFHUQ ॡHVH FRQFHUQV DUH QRW OLPLWHG WR
FRPSXWHU PHGLDWHG FRPPXQLFDWLRQ KRZHYHU $ PDWKHPDWLFLDQ LV VHQVLWLYH WR SUREOHPV
LQ H[SRVLWLRQ DQG GLUHFWLRQ ۙ SUREOHPV WKDW DUH DVVRFLDWHG ZLWK DQ HYHQ PRUH EDVLF FRP
PXQLFDWLRQ WHFKQRORJ\ ODQJXDJH ,Q WKH VHPLQDU URRP WKH DXGLHQFH DVNV TXHVWLRQV
ERWK RXW RI FXULRVLW\ DQG WR SURPSW WKH VSHDNHU 2YHU FR੘HH D QRQH[SHUW PD\ KHOS WR
LPSURYH D UHVHDUFK SDSHU ZLWK D QDLYH TXHVWLRQ ॡHVH DUH WKH NLQGV RI LQWHUDFWLRQV WKDW
GHVLJQHUV RI FRPSXWHU V\VWHPV IRU PDWKHPDWLFDO FRPPXQLFDWLRQ QHHG WR FRQVLGHU ॡH\
DUH PRVWO\ PLVVLQJ IURP FXUUHQW V\VWHPV VXFK WKH SRSXODU HSULQW UHSRVLWRU\ $U;LYRUJ∗ -DPLH ZRXOG OLNH WR EHLQJ DEOH WR SRLQW RXW D SUREOHP LQ ۢSDUDJUDSK ۣ RI D JLYHQ WH[W
ۙ RU SRLQW WR D FRPSOHWHO\ GL੘HUHQW UHVRXUFH WKDW GRHV D EH॔HU MRE
ڨ+LJKO\DEVWUDFWHG DQG
QRQH[SRVLWRU\ DUWLFOHV DUH KDUG
WR XQGHUVWDQG WKH\ VXठHU IURP
D NLQG RI LPSHQHWUDEOH
TXDVLIRUPDOLW\ک >&@
&KDQJLQJ ZKDW , NQRZ DERXW P\VHOI  )LQG
FRPSDQLRQV IRU WKH MRXUQH\ :H ORRNHG DW
WKH GHਖ਼QLWLRQV RI WKH PDWKHPDWLFDO WHUP XOWUD
डOWHU RQ 3ODQHW0DWK DQG RQ :LNLSHGLD VHH )LJ
XUH  ,Q 3ODQHW0DWK۟V GHਖ਼QLWLRQ DQ XOWUDਖ਼O
WHU LV GHਖ਼QHG WR EH डOWHU ZLWK FHUWDLQ SURSHUWLHV
:LNLSHGLD۟V GHਖ਼QLWLRQ GHVFULEHV WKH REMHFW ਖ਼UVW LQ WHUPV RI EDVLF IHDWXUHV RI VHWV ,W
WKHQ GHYHORSV VHYHUDO GL੘HUHQW HTXLYDOHQW FRQGLWLRQV DQG ਖ਼QDOO\ JLYHV D GHਖ਼QLWLRQ
LQ WHUPV RI ਖ਼OWHUV ॡH 3ODQHW0DWK GHਖ਼QLWLRQ WDNHV XS URXJKO\ WKH VDPH DPRXQW RI
VSDFH DV :LNLSHGLD۟V ۢSUHOLPLQDULHV ۣ DQG PDQDJHV WR VTXHH]H LQ D WHUVH WUHDWPHQW RI
ۢW\SHV RI XOWUDਖ਼OWHUVۣ +RZHYHU D॑HU WKH SUHOLPLQDULHV WKH :LNLSHGLD DUWLFOH JRHV RQ
WR GHDO ZLWK FRPSOHWHQHVV JHQHUDOL]DWLRQ WR SDUWLDO RUGHUV W\SHV DQG H[LVWHQFH RI XOWUD
डOWHUV DSSOLFDWLRQV RUGHULQJ RQ XOWUDडOWHUV DQG XOWUDडOWHUV RQ ͭ ,W DOVR SURYLGHV VRPH
LQWHUHVWLQJORRNLQJ UHIHUHQFHV IRU LQVWDQFH WR D SDSHU RQ ۢ$UURZ۟V ॡHRUHP DQG 7XU
LQJ &RPSXWDELOLW\ ۣ ,Q VKRUW WKH :LNLSHGLD GHਖ਼QLWLRQ DSSHDUV WR EH VXSHULRU WR WKH
3ODQHW0DWK GHਖ਼QLWLRQ LQ DOO WKH UHOHYDQW ZD\V LW LV UHODWLYHO\ LQWXLWLYH FRPSOHWH DQG
∗?iiT,ff`tBpXQ`;f

i $ PDWKHPDWLFLDQژV SHUVSHFWLYH
$ ५ॷॴॴ७५ॼॱॷॶ 8 RI ॻॽ४ॻ७ॼॻ RI ; LV DQ
XOWUDडOWHU LI 8 LV D ८ॱॴॼ७ॺ DQG ZKHQ
HYHU $ ⊆ ; WKHQ HLWKHU $ ∈ 8 RU ;∖$ ∈
8 (TXLYDOHQWO\ DQ XOWUDਖ਼OWHU RQ ; LV
D ॵ३ঀॱॵ३ॴ ਖ਼OWHU RQ ; 0RUH JHQHUDOO\
DQ ॽॴॼॺ३८ॱॴॼ७ॺ ॷ८ ३ ॴ३ॼॼॱ५७ LV D PD[
LPDO SURSHU ਖ਼OWHU RI WKH OD॔LFH ॡLV
LV LQGHHG D JHQHUDOL]DWLRQ DV DQ XOWUD
ਖ਼OWHU RQ ; FDQ WKHQ EH GHਖ਼QHG DV DQ
XOWUDਖ਼OWHU RI WKH SRZHU VHW 3(;)
7\SHV RI XOWUDक़OWHU )RU DQ\ [ ∈ ; WKH
VHW {$ ⊆ ; ∣ [ ∈ $} LV DQ XOWUDਖ਼OWHU RQ
; $Q XOWUDਖ਼OWHU IRUPHG LQ WKLV ZD\ LV
FDOOHG D ड[HG XOWUDडOWHU RU D SULQFLSDO
XOWUDडOWHU RU D WULYLDO XOWUDडOWHU $Q\
RWKHU XOWUDਖ਼OWHU RQ ; LV FDOOHG D IUHH
XOWUDडOWHU RU D QRQSULQFLSDO XOWUDडOWHU
$Q XOWUDਖ਼OWHU RQ D ਖ਼QLWH VHW LV QHFHV
VDULO\ ਖ਼[HG 2Q DQ\ LQਖ਼QLWH VHW WKHUH
DUH IUHH XOWUDਖ਼OWHUV ॱॶ ९ॺ७३ॼ ३४ॽॶ঄
६३ॶ५७ EXW WKHLU H[LVWHQFH GHSHQGV RQ
WKH $[LRP RI &KRLFH DQG VR QRQH FDQ
EH H[SOLFLWO\ FRQVWUXFWHG
$Q XOWUDਖ਼OWHU8 RQ; LV FDOOHG D XQLIRUP
XOWUDडOWHU LI HYHU\ PHPEHU RI 8 KDV
WKH VDPH FDUGLQDOLW\ $Q XOWUDਖ਼OWHU
RQ D VLQJOHWRQ LV XQLIRUP EXW WKLV LV D
GHJHQHUDWH FDVH DQG LV R॑HQ H[FOXGHG
$OO RWKHU XQLIRUP XOWUDਖ਼OWHUV DUH IUHH
?iiT,ffTHM2iKi?XQ`;fmHi`7BHi2`
*LYHQ D VHW; DQ XOWUDਖ਼OWHU RQ; LV D VHW
8 FRQVLVWLQJ RI VXEVHWV RI ; VXFK WKDW
 ॡH HPSW\ VHW LV QRW DQ HOHPHQW
RI 8
 ,I$ DQG % DUH VXEVHWV RI;$ LV D
VXEVHW RI % DQG $ LV DQ HOHPHQW
RI 8 WKHQ % LV DOVR DQ HOHPHQW
RI 8
 ,I $ DQG % DUH HOHPHQWV RI 8
WKHQ VR LV WKH ॱॶॼ७ॺॻ७५ॼॱॷॶ RI
$ DQG %
 ,I $ LV D VXEVHW RI ; WKHQ HLWKHU
$ RU ; ∖ $ LV DQ HOHPHQW RI 8
1RWH D[LRPV  DQG  LPSO\
WKDW $ DQG ;∖$ FDQQRW ERWK EH
HOHPHQWV RI 8
$ FKDUDFWHUL]DWLRQ LV JLYHQ E\ WKH IRO
ORZLQJ WKHRUHP $ ८ॱॴॼ७ॺ 8 RQ D VHW ;
LV DQ XOWUDਖ਼OWHU LI DQ\ RI WKH IROORZLQJ
FRQGLWLRQV DUH WUXH
 ॡHUH LV QR ਖ਼OWHU ) ਖ਼QHU WKDQ 8
LH 8 ⊆ ) LPSOLHV 8 = )
 $∪% ∈ 8 LPSOLHV $ ∈ 8 RU % ∈ 8
 ∀$ ⊆ ;∶$ ∈ 8 RU ; ∖$ ∈ 8
?iiT,ff2MXrBFBT2/BXQ`;frBFBflHi`7BHi2`
)LJXUH  'HडQLWLRQV RI ڨXOWUDडOWHUک IURP 3ODQHW0DWK DQG :LNLSHGLD
ZHOOUHIHUHQFHG ॡHUH FRXOG VWLOO EH VRPH VSHFLDOL]HG ORRNXS SXUSRVHV IRU ZKLFK WKH
3ODQHW0DWK LV EH॔HU ۙ EXW RQH WKLQJ LW GRHV QRW SURYLGH LV LQWXLWLRQ ॡLV LV QRW WR VD\
WKDW WKH 3ODQHW0DWK DUWLFOH LV ۢZURQJۣ ,W PD\ ZHOO EH WKDW D॑HU XQZLQGLQJ WKH UHFXUVLYH
GHਖ਼QLWLRQV DQG H[SDQGLQJ WKH D॔DFKHG DUWLFOHV RQH FRXOG FRPH WR D FOHDU DQG FRPSOHWH
XQGHUVWDQGLQJ RI ਖ਼OWHUV DQG XOWUDਖ਼OWHUV∗ $ ۢTXDVLIRUPDOۣ VW\OH RI ZULWLQJ LV PXFK PRUH
SUHYDOHQW RQ 3ODQHW0DWK DOWKRXJK LW LV QRW DEVHQW RQ :LNLSHGLD :LNLSHGLD۟V ۢDQ\RQH
FDQ HGLWۣ SROLF\ WHQGV WR SURGXFH DUWLFOHV WKDW DUH ۢJRRG HQRXJKۣ RQ DYHUDJH .URZQH
 ,W VHHPV IDLUO\ OLNHO\ WKDW FULWLFDO IHHGEDFN DERXW 3ODQHW0DWK۟V XOWUDਖ਼OWHU DUWLFOH
RI WKH NLQG GHVFULEHG KHUH KDVQ۟W PDGH LW WR WKH DXWKRUV \HW +RZHYHU WKH SUREOHPV
PD\ PRUH SURSHUO\ OLH DW WKH SODWIRUP OHYHO 2Q 3ODQHW0DWK LW LV SRVVLEOH WR FUHDWH
∗+RZHYHU IRU WHFKQLFDO UHDVRQV D॔HPSWLQJ WKLV ZRXOGQ۟W EH VR HDV\ ॡHZRUGडOWHU LQ WKH 3ODQHW0DWK
GHਖ਼QLWLRQ ZDV DXWROLQNHG WR WKH GHਖ਼QLWLRQ RI WKH PRUH VSHFLDOL]HG FRQFHSW ODࡉLFH डOWHU UDWKHU WKDQ WKH
DFWXDO GHਖ਼QLWLRQ RI D ਖ਼OWHU SX॔LQJ WKH UHDGHU RQ D ELW RI D FKDVH WR ਖ਼QG WKH UHOHYDQW GHਖ਼QLWLRQV

&KDSWHU  6XUYH\LQJ 6WDNHKROGHU 3HUVSHFWLYHV
DQ DFFRXQW VXEPLW D FRUUHFWLRQ ZDLW IRU WKH DXWKRU WR UHVSRQG DQG WKHQ FKHFN WKHLU
UHVSRQVH ۙ EXW WKLV ZRUNਗ਼RZ UXQV FRXQWHU WR WKH GHVLJQ SULQFLSOH WKDW VWDWHV ۢZLWK HDFK
FOLFN \RX UHTXLUH \RX ORVH KDOI \RXU DXGLHQFHۣ ∗ 2Q :LNLSHGLD \RX FRXOG MXVW PDNH WKH
FKDQJH GLUHFWO\ )ODZV LQ H[SRVLWLRQ SRLQW WR WKH VDOXWDU\ EXW PLVVLQJ H੘HFW RI FRQWDFW
DQG GLVFXVVLRQ ZLWK RWKHU SHRSOH
ڨ6WXGHQWV DUH QRW FRPIRUWDEOH
VKDULQJ WKHLU ZRUN ZLWK RWKHU
VWXGHQWV ࡍH\ DUH RQO\
VRPHZKDW FRPIRUWDEOH VKRZLQJ
LW WR WKHLU SURIHVVRU ZKRP WKH\
UHJDUG DV RQH PLJKW D PHGLFDO
GRFWRUک >&@
&KDQJLQJ P\ SHUVSHFWLYH  :RUN ZLWK UHDO
XVHUV $Q LQVWUXFWRU ZKR ZRXOG OLNH WR PDNH
XVH RI D SHHU SHGDJRJ\ PXVW GHDO ZLWK WKH UHVLV
WDQFH WKDW VWXGHQWV IHHO WRZDUG VSHDNLQJ ZLWK
RQH DQRWKHU ,W ZRXOG EH KHOSIXO WR FRQYLQFH WKH
VWXGHQWV WKDW WKHUH DUH EHQHਖ਼WV WR WKH H[WUD ZRUN
DQG H[SRVXUH WR FULWLTXH 6WXGHQWV FRXOG EH FRQ
YLQFHG WKDW WKH\ ZLOO QHHG WR SUDFWLFH VRFLDO VNLOOV
LQ RUGHU WR LPSURYH WKHLU ZRUNSODFHUHDGLQHVV ॡH\ FRXOG DOVR EH FRQYLQFHG WKDW JURXS
ZRUN RU SHHU UHYLHZ FDQ LPSURYH WKH TXDOLW\ RI WKHLU XQGHUVWDQGLQJ DQG WKHLU ਖ਼QDOPDUNV
,W PD\ EH HDV\ WR GHPRQVWUDWH WKDW LQWHUDFWLRQ ZLWK RWKHUV KHOSV WR DYRLG WKH PRUH REYL
RXV XQWKLQNLQJ PLVWDNHV ॡLV PLJKW EH GRQH E\ DVVLJQLQJ KRPHZRUN WR EH FRPSOHWHG
LQ RU GLVFXVVHG E\ VPDOO JURXSV ॡLV PRGHO VWDQGV LQ FRQWUDVW ZLWK WKH PRUH IXOO\ GLV
DJJUHJDWHG PRGHO XVHG LQ RQOLQH 4	$ V\VWHPV ,QFHQWLYHV LQ WKH GLVDJJUHJDWHG PRGHO
WHQG WR SURGXFH =LSIOLNH GLVWULEXWLRQV LQ DQ LQVWUXFWLRQDO FRQWH[W LW۟V LPSRUWDQW WKDW
WKH JUHDWHU SRUWLRQ RI DQ\ ۢORQJ WDLOۣ SDVV DERYH D PLQLPXP WKUHVKROG RI TXDOLW\ -DPLH
KDV SUHYLRXVO\ WULHG XVLQJ D VWDQGDUG 4	$ V\VWHP IRU FRXUVH VXSSRUW ॡH VPDOOJURXS
PRGHO DVNV IRU D GL੘HUHQW VHW RI VRFLDO VNLOOV
ڨ)RUPDOLVPV DUH RQO\ XVHIXO
ZKHQ WKH PRGHO FDQڥW EH KHOG LQ
\RXU KHDGک >&@
&KDQJLQJ FRQWHQW RU FRQQHFWLYLW\  6WXG\
DQG EXLOG QRQOLQHDU LQWHUIDFHV ,W PD\ WDNH
PRQWKV RU \HDUV WR JHW D JLYHQPRGHO ۢORDGHG LQWR
\RXU KHDGۣ EXW RQFH \RX GR \RX FDQ WKHQ VHH
KRZ PDQLSXODWLQJ LW LQ RQH ZD\ ۢRYHU KHUHۣ ZLOO SURGXFH D FKDQJH ۢRYHU WKHUHۣ )LUVW
DQG IRUHPRVW D PDWKHPDWLFLDQ ORRNV IRU WRROV WKDW ZLOO KHOS WKHP EXLOG H੘HFWLYH PHQWDO
PRGHOV ॡLV R॑HQ PHDQV FUHDWLQJ XVHIXO KLJKOHYHO DEVWUDFWLRQV ॡLV LV GL੘HUHQW IURP
TXDVLIRUPDOLW\ VLQFH WKH DLP LV WR SURYLGH DQ LQWXLWLYH VKDUDEOH KDQGOH RQ D WRSLF )RU
H[DPSOH D SLFWXUH LV DQ DEVWUDFWLRQ WKDW FDQ KHOS D UHDGHU WR LQVWDQWO\ JUDVS WKH QRWLRQ
RI D &DXFK\ VHTXHQFH ,I VRPH IRUPDOLVP LV XVHG VRPHWKLQJ YHU\ OLJKWZHLJKW ۙ HJ WKH
VWUXFWXUHG SURRIV RI /DPSRUW  ۙ LV SUHIHUDEOH WR VRPHWKLQJ KHDY\ ۙ HJ +DOHV۟V
 )O\VSHFNۦ 3DUDOOHO SRLQWV DSSO\ WR XVHU LQWHUIDFH GHVLJQ $V DOUHDG\ PHQWLRQHG
EHLQJ DEOH WR HGLW D :LNLSHGLD SDJH ZLWKRXW ORJJLQJ LQ LV VHHQ DV DQ DVVHW EHLQJ DEOH
∗-RKQ 0F/HDU SHUVRQDO FRPPXQLFDWLRQ
ۦ?iiT,ff+Q/2X;QQ;H2X+QKfTf7HvbT2+Ff

i $ UHख़HFWLYH SHUVSHFWLYH
WR TXLFNO\ FOLFN ۢ:DV WKLV SRVW XVHIXO WR \RX"ۣ KHOSV FUHDWH D GLJLWDO WUDFH WKDW PLJKW EH
UHXVHG LQ YDULRXV ZD\V DQG HYHQ D G\QDPLF OD\RXW RQ D ZHE SDJH WHQGV WR ORRN ۢPRUH
SURIHVVLRQDOۣ WKDQ D ਖ਼[HGZLGWK OD\RXW 5HODWHG SRLQWV DSSO\ WR WKH WHFKQRORJLFDO DFFRX
WHUPHQWV RI SHHU SHGDJRJLHV 6WXGHQWV ZLOO QRW EH LQWHUHVWHG LQ SURFHGXUHV OLNH XVLQJ D
FRXUVH ZLNL RU FRXUVH IRUXP WKDW GR QRW SURYLGH D FOHDU DQG WDQJLEOH EHQHਖ਼W -DPLH DQG
RWKHUV DW KLV LQVWLWXWLRQ VHHP WR DJUHH WKDW WKH HVVHQWLDO VNLOO LV ۢWKLQNLQJ FDUHIXOO\ DQG
FULWLFDOO\ۣ >i S @
ڨ:LNLSHGLD VHHPV WR KDYH EHࡉHU
FRYHUDJH EHࡉHU H[SRVLWLRQ DQG
D QLFHUORRNLQJ LQWHUIDFHک >&@
&KDQJLQJ REMHFWLYHV  /LPLW SKLORVRSKL]LQJ
2I WKH WKUHH LPSOLHG JRDOV ۢTXDOLW\ RI H[SRVL
WLRQۣ VHHPV OLNH WKH KDUGHVW RQH WR GHDO ZLWK DV LW
PD\ UHTXLUH UHWKLQNLQJ WKH HQWLUH ZD\ LQ ZKLFK
HGLWLQJ DQG IHHGEDFN ZRUNV RQ 3ODQHW0DWK %XW LPSOHPHQWLQJ D VWDQGDUG IRU TXDOLW\ LV
SHUKDSV QRW VR FRPSOH[ 2Q :LNLSHGLD WHPSODWHV DUH XVHG WR LQGLFDWH WKDW DQ DUWLFOH
ۢQHHGV DࡉHQWLRQ IURP DQ H[SHUWۣ RU WKDW LW ۢPD\ QRW PHHW :LNLSHGLDڥV JHQHUDO QRWDELOLW\
JXLGHOLQHۣ :H FRXOG LPSOHPHQW D VHW RI WHPSODWHV IRU TXDOLW\ LQ PDWKHPDWLFV H[SRVLWLRQ
VR LW ZRXOG EH HDV\ WR PDNH LW FOHDU WKDW D JLYHQ DUWLFOH ۢQHHGV DQ H[DPSOHۣ RU ۢQHHGV D
PRUH LQWXLWLYH SUHVHQWDWLRQۣ (YHQ LI ZLWKRXW DOORZLQJ HGLWV IURP QRQORJJHG LQ XVHUV LW
ZRXOG EH UHODWLYHO\ VWUDLJKWIRUZDUG VHW WKLQJV XS VR WKDW XVHUV FRXOG WDJ DUWLFOHV XVLQJ D
FRQVWUDLQHG YRFDEXODU\
 $ UHख़HFWLYH SHUVSHFWLYH
ڨ(PSLULFDO VWXGLHV RI
PDWKHPDWLFDO GLVFRXUVH DUH D
NH\ UHVHDUFK IRFXVک >&@
&KDQJLQJ WKH QDWXUH RI WKH VSDFH  'HYHORS
HPSLULFDO VWXGLHV DQG D FULWLFDO DSSDUDWXV
,Q $OLVRQ۟V UHVHDUFK IRU KHU 3K' 3HDVH 
VKH LPSOHPHQWHG /DNDWRV۟V WKHRU\ RI ۢLQIRUPDO
TXDVLHPSLULFDOۣ PDWKHPDWLFV WKDW JURZV ۢWKURXJK WKH LQFHVVDQW LPSURYHPHQW RI JXHVVHV
E\ VSHFXODWLRQ DQG FULWLFLVPۣ /DNDWRV  LQ D FROOHFWLRQ RI LQWHOOLJHQW FRPSXWDWLRQDO
DJHQWV WHVWLQJ DQG H[WHQGLQJ WKH DSSURDFK 6KH DOVR ਖ਼QGV VLJQLਖ਼FDQW YDOXH LQ FRPSXWHU
PHGLDWHG FRPPXQLFDWLRQ EHWZHHQ KXPDQV 7UDQVFULSWV RI FRQWHPSRUDU\ PDWKHPDWLFDO
H[FKDQJHV SURYLGH DPRUH GHWDLOHG SLFWXUH RIZKDW KDSSHQVZKHQ SHRSOH GRPDWKHPDWLFV
WRJHWKHU WKDQ ZKDW LV IRXQG LQ /DNDWRV۟V GLDORJXHV RU KLVWRULFDO UHFRUGV RI PDWKHPDWLFDO
H[FKDQJHV LQ ROG OH॔HUV $V VKH SXW LW WKLV LV DV FORVH DV VKH FDQ JHW WR KDYLQJ DFFHVV
WR PDWKHPDWLFLDQ۟V EUDLQV ,Q ۢ6HYHQW\ )RXU 0LQXWHV RI 0DWKHPDWLFVۣ 3HDVH 	 0DUWLQ
 XVHU FRPPHQWV DUH FRGHG DV FRQFHSWV H[DPSOHV FRQMHFWXUHV VWDWHPHQWV UHODWHG WR
SURRI DQG ۢRWKHUۣ DQ DSSDUDWXV LQKHULWHG IURP /DNDWRV 7DEOH  UHSURGXFHV WKH H[HP
SODUV ZLWK ZKLFK WKHVH FDWHJRULHV DUH LQWURGXFHG LQ WKLV SDSHU ,Q ۢLQIRUPDO ORJLFۣ WKH
IRFXV LV XVXDOO\ RQ SURRI EXW RWKHU EURDG WRSLFV RI LQWHUHVW IRU $OLVRQ DUH OLVWHG LQ 7DEOH

&KDSWHU  6XUYH\LQJ 6WDNHKROGHU 3HUVSHFWLYHV
&21&(376  ۢ6LQFH WKH SRLQWV DUH LQ JHQHUDO SRVLWLRQ \RX FRXOG GHडQH WKH ZKHHO RI
S Z (S) WR EH D UDGLDO VHTXHQFH RI DOO WKH RWKHU SRLQWV T ≠ S DURXQG Sۣ
(;$03/(6  ۢ,I WKH SRLQWV IRUP D FRQYH[ SRO\JRQ LW LV HDV\ۣ
&21-(&785(6  ۢ,V LW SRVVLEOH WR SURYH WKDW DQ\ SRLQW DQG DQ\ OLQH ZLOO GR"ۣ
3522)  ۢ0D\EH WKH VWUDWHJ\ VKRXOG EH WR WDNH RXW WKH FRQYH[ KXOO RI 6 IURP FRQVLG
HUDWLRQ IROORZ LW XS E\ LQGXFWLRQ RQ UHPRYLQJ VXFFHVVLYH FRQYH[ KXOOVۣ
27+(5  OLQNLQJ RQH WKUHDG WR DQRWKHU FHUWLI\LQJ WKH SURRI DV FRPSOHWH HWF
7DEOH  ڨ&RQFHSWV H[DPSOHV FRQMHFWXUHV SURRI DQG RWKHUک  डYH FDWHJRULHV XVHG E\
$OLVRQ 3HDVH DQG 8UVXOD 0DUWLQ LQ ڨ6HYHQW\ IRXU PLQXWHV RI PDWKHPDWLFV $Q DQDO\VLV RI
WKH WKLUG 0LQL3RO\PDWK SURMHFWک
(;3/$1$7,21  ۢࡍLV VHHPV WR EH ULJKW EXW WKHUH VRPHWKLQJ , GRQڥW XQGHUVWDQG
3OHDVH VHH LI \RX FDQ KHOS PH ZLWK LW>@ۣ >    @ ۢ,I , XQGHUVWDQG ZHOO \RXU H[DPSOH
WKH SUREOHP LV WKDW \RX PXVW JLYH DQ RULHQWDWLRQ WR WKH OLQH ࡍHQ OHࡆ DQG ULJKW
DUH GHडQH ZLWK UHVSHFW WR WKLV RULHQWDWLRQ>@ۣ >    @ ۢ*RW LW .LQG RI OLNH D WXUQ
QXPEHU LQ WRSRORJ\ ࡍDQNVۣ 3HDVH 	 0DUWLQ 
81'(567$1',1*  %XW KRZ GRHV XQGHUVWDQGLQJ UHODWH WR H[SODQDWLRQ" (J
R॑HQ H[SODLQLQJ VRPHWKLQJ LQ JUHDWHU GHWDLO ZLOO FRQIXVH WKH OLVWHQHU
027,9$7,21  :KLFK FDQ EH FRQVLGHUHG LQ D VRFLRORJLFDO VHQVH IRU H[DPSOH
ZKHQ DQG ZKHUH DUH SHRSOH PRWLYDWHG E\ ۢDGGLFWLRQVۣ"
/,1*8,67,&6  ,QFOXGLQJ OLQJXLVWLF PRYHV WKDW KHOS WR EXLOG FRPPXQLW\ OLNH WDON
LQJ DERXW ۢRXUۣ LQVWHDG RI ۢP\ ۣ HWF
7DEOH  ڨ([SODQDWLRQ XQGHUVWDQGLQJ PRWLYDWLRQ DQG OLQJXLVWLFVک  WRSLFV RI LQWHUHVW LQ
$OLVRQڥV UHVHDUFK
 ॡLV ZRUN LV IRFXVHG RQ VWXG\LQJ ZKDW WDNHV SODFH LQ H[LVWLQJ V\VWHPV UDWKHU WKDQ
RQ V\VWHP GHVLJQ +RZHYHU SODWIRUPV WKDW PRUH H[SOLFLWO\ UHSUHVHQW WKH NLQGV RI WKLQJV
$OLVRQ DQG KHU FROODERUDWRUV ਖ਼QG LQ WKH FRQWHQW ZRXOG PDNH FHUWDLQ DVSHFWV RI KHU MRE
HDVLHU FI 0DUWLQ 	 3HDVH ∗ /DQJH  GHVFULEHV ZRUN RQ D VHPDQWLF ZLNL DQG
/DQJH %RMÃUV *UR]D %UHVOLQ DQG +DQGVFKXK  DQ RQWRORJ\ IRU DUJXPHQWDWLRQ
WKDW FRXOG OLNHO\ EH DGDSWHG IRU WKLV SXUSRVH
∗$OWKRXJK WKH\ DUH QRW V\VWHP EXLOGLQJ LQ WKH VR॑ZDUH VHQVH QRWH WKH SKDWLF FKDQQHOFUHDWLQJ UROH
RI WKH ۢOLQJXLVWLFۣ PRYHV PHQWLRQHG LQ 7DEOH  FI (O\DFKDU 

i $ UHख़HFWLYH SHUVSHFWLYH
ڨ+RZ GRHV H[SHULHQFH EXLOG
WRZDUGV XQGHUVWDQGLQJ"ک >&@
&KDQJLQJ ZKDW , NQRZ DERXW P\VHOI  )LQG
FRPSDQLRQV IRU WKH MRXUQH\ 'DWD IURP3ODQ
HW0DWK FRXOG EH FRGHG DW WKH WH[W OHYHO RU DW WKH
K\SHUWH[W OHYHO DQG PRGHOHG DV D IRUHVW RI LQWHUFRQQHFWHG FRQFHSWV H[DPSOHV FRQMHF
WXUHV DQG SURRI VWHSV $W WKH K\SHUWH[W OHYHO WKH JUDPPDWLFDO PRYHV GHVFULEHG LQ 7DEOH
 >i S @ FRXOG EH JLYHQ ۢVHQVHVۣ DVVRFLDWHG ZLWK WKH FDWHJRULHV OLVWHG LQ 7DEOH 
IRU LQVWDQFH
$ RPLWV FRQFHSW←"""""" &, ; IRU H[DPSOH←""""" 7, $ VXJJHVWV WKDW←"""""" 3, 3 SDUWLDOO\ VROYHG←""""""" 6प
,I 3ODQHW0DWK KRVWV LQWHUDFWLRQV WKDW DUH RI LQWHUHVW WR UHVHDUFKHUV WKLV ZRXOG EH D JRRG
VLJQ WKDW LW LV GRLQJ VRPHWKLQJ WKDW LV LQ D FHUWDLQ VHQVH QHZ ۙ HYHQ LI WKLV LV DFKLHYHG
E\ VLPXODWLQJ WKH IHDWXUHV RI ROGHU PRGHOV $Q\WKLQJ UHVHDUFKHUV DUH DEOH WR OHDUQ DERXW
WKH ZD\ PDWKHPDWLFDO GLVFRXUVH ZRUNV FDQ LQIRUP IXWXUH ZRUN RQ WKH V\VWHP DQG KHOS
WR ERRVW WKH UHOHYDQFH IRU W\SLFDO HQG XVHUV
ڨ,W ZRXOG EH XVHIXO WR EH DEOH WR
GHWHFW WKH डUVW XVH RI D ZRUG
ZLWKLQ D JLYHQ HSLVRGH RI
GLVFRXUVH DQG WR PHDVXUH LWڥV
LPSDFWک >&@
&KDQJLQJ P\ SHUVSHFWLYH  :RUN ZLWK UHDO
XVHUV $Q H[DPSOH IURP RQH RI $OLVRQ۟V HDU
OLHU VWXGLHV ZDV WKH WHUP ODQGPLQH LQWURGXFHG
LQ D FRPELQDWRULDO SUREOHP VROYLQJ FRQWH[W ॡLV
WHUP DOPRVW EHJV WR EH PDGH LQWR D QHRORJLVP
RQFH DJDLQ WR GHVFULEH WKH NQRFNRQ H੘HFW RI D
JLYHQ QHZ XVDJH :H FRXOG PHDVXUH WKH LPSDFW RI D JLYHQ SRVW RU WHUP E\ PHDVXULQJ
WKH QXPEHU RI IROORZXS SRVWV RU XVHV 6LPLODU IHDWXUHV DUH PRGHOHG LQ WKH %HKDYLRU
2QWRORJ\ GHVFULEHG LQ $QJHOHWRX HW DO  XVLQJ WKH SURSHUW\ Qm#Q,SQbiAKT+i
ॡLVPHWULF FRXOG EH XVHG WR SURPRWH LPSRUWDQW SRVWV WR D SODFH ZKHUH QHZFRPHUV ZRXOG
HDVLO\ VSRW WKHP $ IRFXV RQ WHUPV PHDQV WKDW D IRUXP FRQYHUVDWLRQ FDQ EH VWUDLJKWIRU
ZDUGO\ PRGHOHG DV D JUDSK WKDW LV FRYHUHG E\ WKH WUHHV ZKLFK IRUP LWV WKUHDGV∗ *UDSK
WKHRUHWLF WHFKQLTXHV FRXOG EH DSSOLHG WR FRPSXWH DQG VKRZ WKH FHQWUDOLW\ RI D JLYHQ
SHUVRQ SRVW WHUP RU H[DPSOH FRQMHFWXUH HWF LI WKLV KDV EHHQ IRUPDOO\ FRGHG
ڨ&DQ ZH EXLOG PRUH GHWDLOHG
PRGHOV RI PDWKHPDWLFDO
GLVFRXUVH"ک >&@
&KDQJLQJ FRQWHQW RU FRQQHFWLYLW\  6WXG\
DQG EXLOG QRQOLQHDU LQWHUIDFHV $V GLVFXVVHG
DERYH TXDVLIRUPDOLW\ FDQ EH GLਜ਼FXOW IRU D
UHDGHU ZKR R॑HQ UHOLHV RQ LQIRUPDO RU QRQ
PDWKHPDWLFDO ODQJXDJH RU SLFWXUHV WR JDLQ D VHQVH RI XQGHUVWDQGLQJ 2QH FRQFUHWH
DSSOLFDWLRQ RI QHWZRUN VWUXFWXUHV ZLWKLQ WKH 3ODQHW0DWK HQF\FORSHGLD ZRXOG EH WR VKRZ
WKH GLVWDQFH RI WKH WHUPV XVHG LQ D JLYHQ H[SRVLWLRQ IURP D VHW RI EDVLF GHਖ਼QLWLRQV ZKLFK
DUH WDNHQ DV D[LRPV ॡLV ZRXOG HVVHQWLDOO\ EH D WRSRJUDSKLFDO PDS DQG JUDGLHQWV DQG
∗&I (FR >i S @

&KDSWHU  6XUYH\LQJ 6WDNHKROGHU 3HUVSHFWLYHV
ਗ਼RZV FRXOG EH FRPSXWHG 6XFK D PRGHO FRXOG KHOS H[SODLQ WKH VXEMHFWLYH H[SHULHQFH RI
H[SRVLWRU\ TXDOLW\ LQ WHUPV RI OLQJXLVWLF IHDWXUHV HJ DQDSKRUD DQG FRJQLWLYH PRGHOV
HJ FRJQLWLYH ORDG :LWK WKLV DV D EDVLV ZH FRXOG WKHQ WDNH IXUWKHU VWHSV WR H[SORUH KRZ
NQRZOHGJH JURZV DQG VSUHDGV $ JUDSKLFDO DSSURDFK FRXOG EH XVHG E\ UHVHDUFK PDWKH
PDWLFLDQV WR KHOS PDQDJH SRVWV DQG PHWDGDWD ॡH XVHU FRXOG EURZVH WKURXJK WRSLFV DV
EXEEOHV ۢRSHQ WKHP XSۣ WR ]RRP LQ RQ GHWDLOV RI LQWHUHVW ۢDࡉDFKۣ D QRWHERRN WR D JLYHQ
WRSLF DW D JLYHQ SRLQW RU ۢFRQQHFWۣ WRSLFV ZLWK DGGLWLRQDO FRPPHQWV ॡLV ZRXOG JLYH
D JUDSKLFDO LQWHUSUHWDWLRQ WR PDQHXYHUV WKDW FXUUHQWO\ WDNH SODFH LQ WH[WXDO DQG K\SHU
WH[WXDO IRUP $ SURPLVLQJ UHODWHG GHYHORSPHQW LQ WKH FDUWRJUDSK\ RI PDWKHPDWLFV LV
GHVFULEHG E\ '¸UULH DQG .RKOKDVH  IROORZLQJ HDUOLHU ZRUN E\ 'DYH 5XVLQ∗
ڨ(YHQ LI FRPSXWHU PDWKHPDWLFV
GLG D JRRG MRE RI VLPXODWLQJ
KXPDQ PDWKHPDWLFV LW ZRQڥW
GR WKLQJV WKH VDPH ZD\
KXPDQV GRک >&@
&KDQJLQJ REMHFWLYHV  /LPLW SKLORVRSKL]LQJ
)RU FRPSDULVRQ HYHQ WKRXJK WKHUH DUH FRPSXW
HUV WKDW DUH YHU\ JRRG DW FKHVV WKH\ JHQHUDOO\
GR QRW SOD\ OLNH KXPDQV 7LPRWK\ *RZHUV DQG
0RKDQ *DQHVDOLQJDP  KDYH EHHQ ZRUNLQJ
WR WHDFKLQJ D FRPSXWHU KRZ WR GR ۢURXWLQH PDWK
HPDWLFDO SUREOHPVۣ ۙ WKDW LV SUREOHPV ZKHUH ۢWKH REYLRXV WKLQJ ZRUNVۣ ॡLV DQG PRVW
RWKHU UHVHDUFK LQ FRPSXWHU PDWKHPDWLFV LV PRUH RU OHVV GLVWLQFW IURP UHVHDUFK RQ LQIRU
PDO ORJLF 7\SLFDO WKHRULHV RI DUJXPHQWDWLRQ DOVR IRFXV RQ SURRI DQG WUXWK 3HDVH 	
$EHUGHLQ  OHDYLQJ LVVXHV DVVRFLDWHG ZLWK H[SRVLWRU\ TXDOLW\ DQG FROODERUDWLRQ WR
RQH VLGH $SSHQGL[ % UHZRUNV WZR H[DPSOHV SUHVHQWHG E\ *RZHUV DQG *DQHVDOLQJDP
DLPLQJ WR LOOXVWUDWH KRZ VRFLDO WKHRULHV IRFXVHG RQ OHDUQLQJ DQG FROODERUDWLRQ PLJKW EH
DSSOLHG WR VROYH VWDQGDUG PDWKHPDWLFV SUREOHPV 3ODQHW0DWK PD\ EH DEOH WR R੘HU D
K\EULG GLJLWDODQDORJ WXWRULQJ V\VWHP ORQJ EHIRUH D FRPSDUDEOH IXOO\ FRPSXWHUL]HG V\V
WHP H[LVWV WKDW FDQ SHUIRUP DW WKH VDPH OHYHO ,QGHHG LQ FRQWUDVW WR FRPSXWHU FKHVV LW LV
SRVVLEOH WKDW WKH UHOHYDQW WDUJHW IRU FRPSXWHU PDWKHPDWLFV LV QRW ۢKXPDQ PDWKHPDWLFVۣ
DW DOO EXW VRFLDO PDWKHPDWLFV ۢ:H PD\ FRPSDUH D PDQ LQ WKH SURFHVV RI FRPSXWLQJ D UHDO
QXPEHU WR D PDFKLQHۣ 7XULQJ  ۙ EXW ۢWKH SURJUDP LV EHVW FRQFHLYHG RI DV D OLࡉOH WULDO
FRXUW RU DV DQ HYLGHQFHFROOHFWLQJ DQG HYLGHQFHZHLJKLQJ SURFHGXUHۣ 0LQVN\ 
>:@KHQ ZH ZULWH D ODUJH SURJUDP ZLWK PDQ\ VXFK FRXUWV HDFK FDSDEOH LI QHFHVVDU\
RI FDOOLQJ XSRQ RWKHUV IRU KHOS LW EHFRPHV PHDQLQJOHVV WR WKLQN RI WKH SURJUDP DV D
ڨVHTXHQFHک >    @ >2@QFH SDVW WKH EHJLQQHU OHYHO SURJUDPPHUV >    @ZULWH IRU WKH LQGL
YLGXDOV RI OLࡉOH VRFLHWLHV RU SURFHVVHV )RU WU\ DV ZH PD\ ZH UDUHO\ FDQ IXOO\ HQYLVLRQ
LQ DGYDQFH DOO WKH GHWDLOV RI WKHLU LQWHUDFWLRQV )RU WKDW DࡆHU DOO LV ZK\ ZH QHHG FRP
SXWHUV 0LQVN\ 
∗?iiT,ffrrrXKi?@iHbXQ`;f

i 6XPPDU\
 6XPPDU\
7DEOH  VXPPDUL]HV WKH ਖ਼QGLQJV IURP TXDOLWDWLYH ਖ਼HOGZRUN ZLWK SRWHQWLDO XVHUV DQG
VWDNHKROGHUV ,W LOOXVWUDWHV KRZ WKH SDUDJRJ\ IUDPHZRUN FDQ EH XVHG WR GUDZ RXW LQWHU
HVWLQJ DQG UHOHYDQW GHVLJQ WKHPHV
ॡHVH ਖ਼QGLQJV FDQ EH DSSOLHG GLUHFWO\ WR JXLGH WKH LPSOHPHQWDWLRQ ZRUN GHVFULEHG LQ
&KDSWHU  *LYHQ WKH DPELWLRXV QDWXUH RI VRPH RI WKH SRLQWV WKDW ZHUH UDLVHG LW LV OLNHO\
WKDW WKH LVVXHV GLVFXVVHG KHUH ZLOO LQIRUP WKH GHYHORSPHQW RI 3ODQHW0DWK3ODQHWDU\ IRU
WLPH WR FRPH
ॡLV FKDSWHU LQFRUSRUDWHV YLHZV IURP WKUHH LPSRUWDQW FDWHJRULHV RI SRWHQWLDO XVHUV
VWXGHQWV PDWKHPDWLFLDQV DQG UHVHDUFKHUV ZKR VWXG\ PDWKHPDWLFDO SUDFWLFH &KDSWHU
 ZLOO UHWXUQ WR WKHVH ਖ਼QGLQJV DJDLQ WR FRPSDUH WKHP ZLWK WKH YLHZV RI XVHUV RI WKH
UHDOL]HG V\VWHP

&KDSWHU  6XUYH\LQJ 6WDNHKROGHU 3HUVSHFWLYHV
6WXGHQW 0DWKHPDWLFLDQ 3KLORVRSKHU
͢ ͣ ͤ
ۢ7UXVWۣ DQG ۢFUHGLWۣ DUH
WZR LPSRUWDQW DQG SRWHQ
WLDOO\ UHODWHG LVVXHV IRU
XVHUVFRQWULEXWRUV
:H QHHG DQ Hਜ਼FLHQW V\V
WHP IRU LQWHJUDWLQJ XVHU
LGHDV DQG FRPPHQWV
5HVHDUFKHUV FDQ VWXG\
WKH FRQWHQW RU WKH V\VWHP
LQ DOPRVW LQWHUFKDQJH
DEOH ZD\V
ͥ ͦ ͧ
3URJUHVVLYH SUREOHP VROY
LQJ DQG LQFUHPHQWDO IHHG
EDFN DUH LPSRUWDQW IRU
XVHUV SDUWLFXODUO\ QHZ
XVHUV ZKR DUH EXLOGLQJ
WKHLU LGHQWLW\ DV DQ H੘HF
WLYH SUREOHP VROYHU
'LVFXVVLRQ DQG FULWLTXH
KDYH D VDOXWDU\ H੘HFW
GHਖ਼FLHQFLHV LQ H[SRVLWLRQ
PD\ EH D UHVXOW RI WKHLU
DEVHQFH
:H VKRXOG EH DEOH WR
EXLOG UHVHDUFKUHDG\ GDWD
ਗ਼RZV DV ORQJ DV WKH V\V
WHP LV DFWXDOO\ XVHG
ͨ ͩ ͪ
3HRSOH KDYH LQVWUXPHQ
WDO WUDQVDFWLRQDO LQIRU
PDWLRQ QHHGV DQG QRQLQ
VWUXPHQWDO LQWHUDFWLRQDO
OHDUQLQJ QHHGV
3HRSOH QHHG WR OHDUQ
DQG SUDFWLFH VRFLDO VNLOOV
WKURXJK LQWHUDFWLRQ
*UDSK WKHRUHWLF PHWKRGV
FDQ EH XVHG ZKHUHYHU ZH
KDYH H[SOLFLW VHPDQWLFV
RU HYHQ VLPSOH PRGHOV RI
WHUPLQRORJ\ XVH
ͫ ͬ ͭ
8VHUV DQG SRWHQWLDO XVHUV
KDYH D ORW WR VD\ DERXW
V\VWHPV KRZ FDQ ZH
HPSRZHU WKHP WR DFWX
DOO\ PDNH FKDQJHV"
8VHUV ZDQW WR EH DEOH
WR PDNH DGDSWDWLRQV WKDW
OHDYH WUDFHV DQG VLP
SOH FXVWRPL]DWLRQV WKDW
GRQ۟W
9LVXDOL]DWLRQV RI JUDSKL
FDO NQRZOHGJH VWUXFWXUHV
FRXOG EH XVHG GLUHFWO\ LQ
WKH 8,
ͮ ͯ Ͱ
6RFLDO SUREOHP VROYLQJ LV
VXLWHG WR VRPH WDVNVPRUH
WKDQ RWKHUV
&RYHUDJH LV JRRG WR ZRUN
RQ EXW TXDOLW\ RI H[SRVL
WLRQ LV KDUGHU
&RPSXWHU XQGHUVWDQGLQJ
DQG IRUPDO WKHRULHV RI
TXDOLW\ DQG H੘HFWLYH
VRFLDO KHXULVWLFV DUH JRRG
ORQJWHUP JRDOV
7DEOH  2YHUYLHZ RI GHVLGHUDWD JDWKHUHG XVLQJ WKH SDUDJRJ\ IUDPHZRUN
3DUW 
5HVXOWV DQG GLVFXVVLRQ

 ,PSOHPHQWDWLRQ
3ODQHW0DWKژV VRࢆZDUH V\VWHP LV UHEXLOW DORQJ WKH OLQHV VSHFLक़HG E\ WKH SDUDJRJ\
PRGHO DXJPHQWLQJ WKH FROODERUDWLYH DXWKRULQJ HQYLURQPHQWZLWK WRROV IRU SHHU
VXSSRUWHG SUREOHP VROYLQJ
 ࢌH 3ODQHWDU\ V\VWHP
,Q  LQ SDUDOOHO WR WKH H[SORUDWRU\ UHVHDUFK GHVFULEHG LQ HDUOLHU FKDSWHUV WKH 3ODQ
HWDU\ SURMHFW ODXQFKHG 2QH RI WKH SURMHFW۟V NH\ PLOHVWRQHV ZDV WR UHEXLOG DQG PRG
HUQL]H 3ODQHW0DWK۟V VR॑ZDUH ॡH SURMHFW DOVR DLPHG WR FUHDWH D VR॑ZDUH V\VWHP WKDW
FRXOG EH GHSOR\HG DQG XVHG LQ VH॔LQJV XQFRQQHFWHG ZLWK 3ODQHW0DWK ,Q RUGHU WR IDFLO
LWDWH WKLV 3ODQHWDU\ XVHV WKH SRSXODU FRQWHQW PDQDJHPHQW V\VWHP 'UXSDO DV LWV EDVLV
DQG FRQQHFWV 'UXSDO ZLWK RWKHU RSHQ VRXUFH FRPSRQHQWV ॡH SULPDU\ SDUWLFLSDQWV LQ
WKLV SURMHFW ZHUH 0LFKDHO .RKOKDVH RI -DFREV 8QLYHUVLW\ %UHPHQ VHYHUDO RI .RKOKDVH۟V
VWXGHQWV DQG WKH FXUUHQW DXWKRU∗
:LWK UHJDUG WR WKH V\VWHP۟V GHSOR\PHQW RQ 3ODQHW0DWK WKH PDLQ REMHFWLYHV ZHUH WR
EH IHDWXUHFRPSOHWH UHODWLYH WR 1R¸VSKHUH DQG WR DGG QHZ IHDWXUHV UHOHYDQW IRU OHDUQ
LQJ PDWKHPDWLFV ॡHVH QHZ IHDWXUHV LQFOXGH WKH LQWURGXFWLRQ RI SUREOHP DQG VROXWLRQ
GDWD W\SHV FROOHFWLRQV IRU DVVHPEOLQJ FRQWHQW LQWR LQWHUDFWLYH VWUXFWXUHV DORQJ ZLWK
RWKHU XVHUYLVLEOH FKDQJHV OLNH D QHZ V\QWD[KLJKOLJKWLQJ VRXUFH FRGH HGLWRU DQG IDVW
LQEURZVHU UHQGHULQJ DQG QHZ VHPDQWLF PRGHOV LQ WKH EDFNHQG
0\ UROH LQ WKH SURMHFW ZDV WR OHDG WKH GHYHORSPHQW DQG GHSOR\PHQW RI WKH YHUVLRQ RI
WKH V\VWHP QHHGHG IRU WKH 3ODQHW0DWK XVH FDVH ॡLV LQYROYHG LQWHJUDWLQJ FRQWULEXWLRQV
∗?iiT,ffi`+XKi?r2#XQ`;fTHM2i`vfrBFBfT2QTH2

&KDSWHU  ,PSOHPHQWDWLRQ
%DVLF (QKDQFHG
,QWHUDFWLRQ 'UXSDO $&(6KDUH-6 HGLWRU -2%$'
6WRUDJH $FFHVV 'UXSDO 9LUWXRVR 717%DVH *LW
5HSUHVHQWDWLRQ ;+70/5')D 20'RF
3URFHVVLQJ /$7(;0/ 11H[XV 3\5')D -20'RF .UH[WRU
&RQWHQW /$7(; HJ 3ODQHW0DWK $U;LY 67(;
7DEOH  &RPSRQHQWV RI WKH 3ODQHWDU\ V\VWHP
IURP RWKHU PHPEHUV RI WKH WHDP ZKHUH UHOHYDQW $ VFKHPDWLF RI WKH V\VWHP DUFKLWHFWXUH
LV SUHVHQWHG LQ 7DEOH  DGDSWHG IURP WKH HDUOLHVW V\VWHP SDSHU GHVFULELQJ 3ODQHWDU\
'DYLG *LQHY .RKOKDVH 	 &RUQHOL 
)XUWKHU HQKDQFHPHQWV WR WKH V\VWHP DUH EHLQJ H[SORUHG LQ GHSOR\PHQWV DW -DFREV
'DYLG .RKOKDVH HW DO  ,DQFX -XFRYVFKL .RKOKDVH 	 :LHVLQJ  LQWHJUDW
LQJ HDUOLHU ZRUN E\ PHPEHUV RI WKH .:$5& UHVHDUFK JURXS RQ NQRZOHGJH PDQDJH
PHQW WRROV LQFOXGLQJ .UH[WRU /DQJH  717%DVH =KROXGHY 	 .RKOKDVH 
20'RF .RKOKDVH  67(; .RKOKDVH  DQG -2%$' .RKOKDVH *LFHYD /DQJH
	 =KROXGHY  ,Q  DQ HDUO\ SURWRW\SH RI WKH V\VWHP ZDV VHOHFWHG DV D ਖ਼QDOLVW
LQ (OVHYLHU۟V ([HFXWDEOH 3DSHU &KDOOHQJH .RKOKDVH HW DO  ॡH V\VWHP LV FXUUHQWO\
LQ DFWLYH XVH QRW RQO\ DV D ZHE SRUWDO RQ 3ODQHW0DWK EXW DOVR DV D FRXUVH PDQDJHPHQW
WRRO IRU .RKOKDVH۟V LQWURGXFWRU\ FRPSXWHU VFLHQFH FRXUVHV DQG RQ WKH QHZ ۢਗ਼H[LIRUPDOۣ
.RKOKDVH ४ PDWKHPDWLFV ZHEVLWH 0DWK+XELQIR∗
3ODQHW0DWK3ODQHWDU\ PRYHV LQ WKH GLUHFWLRQV LQGLFDWHG E\ WKH VXUYH\ SUHVHQWHG LQ
&KDSWHU  DQG 'UXSDO۟V H[WHQVLELOLW\ RSHQV WKH GRRU WR IXUWKHU LPSURYHPHQW )RU H[DP
SOH WKH XVH FDVH VNHWFKHG LQ )LJXUH  >i S @ KDV EHHQ EURXJKW FRQVLGHUDEO\ FORVHU
DW WKH OHYHO RI NQRZOHGJH UHSUHVHQWDWLRQ EXW WKH V\VWHP FXUUHQWO\ ODFNV WKH UHDVRQLQJ
VXSSRUW WKDW ZRXOG EH QHHGHG WR ਖ਼QLVK WKH MRE , FROODERUDWHG FRQFXUUHQWO\ RQ DQRWKHU
SURMHFW WKDW DGGHG D UHFRPPHQGHU VHUYLFH WR 'UXSDO 0XOKROODQG :RO੘ =GUDKDO /L 	
&RUQHOL  DQG LQWHJUDWLRQ RI WKH FRUUHVSRQGLQJ IHDWXUHV LQWR 3ODQHWDU\ DSSHDUV WR
EH VLPSO\ D PD॔HU RI WLPH
:KDW LV PRVW HVVHQWLDO IRU FXUUHQW SXUSRVHV LV WKDW 3ODQHWDU\ FDQ EH GLVFXVVHG VWXG
LHG DQG GHYHORSHG IXUWKHU WRJHWKHU ZLWK 3ODQHW0DWK XVHUV ॡH UHQHZHG D॔HQWLRQ WR
V\VWHP GHYHORSPHQW UHVWRUHV DQ HPSLULFDO DVSHFW WR 3ODQHW0DWK PRUH WKDQ ۢNLWۣ IRU
GRLQJ PDWKRQWKHZHE 3ODQHW0DWK3ODQHWDU\ LV D ۢUHVHDUFK GHYLFHۣ IRU VWXG\LQJ PDWK
HPDWLFV DV D FXOWXUDO V\VWHP FI 5KHLQEHUJHU  S  ॡLV UHVHDUFK SURJUDPPH LV
GHYHORSHG IXUWKHU LQ &KDSWHU  EXW WKH V\VWHP LWVHOI FRQVWLWXWHV DQ LPSRUWDQW UHVHDUFK
UHVXOW DQG QRW MXVW D PHDQV WR DQ HQG 3ODQHW0DWK3ODQHWDU\ LV WKH PRVW FRQFUHWH V\Q
WKHVLV RI WKH LGHDV WKDW KDYH SURJUHVVLYHO\ GHYHORSHG LQ WKH FRXUVH RI WKLV ZRUN
∗?iiT,ffKi??m#XBM7Q

i ࢌH 3ODQHWDU\ V\VWHP
0HGLXP
5HYHUVH
+RZ GRHV LW
ਗ਼LS ZKHQ
SXVKHG"
5HWULHYH
:KDW GRHV LW
EULQJ EDFN"
(QKDQFH
:KDW GRHV LW
DPSOLI\"
2EVROHVFH
:KDW GRHV LW
REVROHVFH"
)LJXUH  0DUVKDOO 0F/XKDQڥV WHWUDG RI PHGLD HठHFWV
,W LV D IXQFWLRQDO DFWRURULHQWHG PRGHO RI WKH ZD\ SHRSOH GR PDWKHPDWLFV ۙ DOWKRXJK
LW LV RI FRXUVH RQO\ D SDUWLDO PRGHO ॡH SDUDJRJ\ IUDPHZRUN LV XVHG EHORZ DV DQ
RUJDQL]DWLRQDO GHYLFH >i S @ WR GHVFULEH WKH V\VWHP۟V KLJKOHYHO VSHFLਖ਼FDWLRQ
 3ODQHW0DWK3ODQHWDU\ VKRXOG EH D VSHFLDOSXUSRVH WRRO WKDW LV FXVWRPL]HG
WR VXLW WKH FKDOOHQJHV RI OHDUQLQJ PDWKHPDWLFV
 /HDUQLQJPDWKHPDWLFV LV DQ DFWLYH SURFHVV WKDW LV FHQWHUHG RQSUREOHPVROY
LQJ WR JHW WKH DGGHG EHQHक़WV RI SHHU VXSSRUW SDUWLFLSDQWV KDYH WR LQWHUDFW
ZLWK RQH DQRWKHU
 8VHUV ZLOO FRQWULEXWH SUREOHPV DQG VROXWLRQV GLVFXVVLRQV DERXW SUREOHPV
VKRXOG VSXU QHZ HQJDJHPHQW DPRQJ HQF\FORSHGLD HGLWRUV DQG WHDFKHUV
 7R EH YLDEOH WKH V\VWHP VKRXOG IDFLOLWDWH PDWKHPDWLFDO PHDQLQJ PDNLQJ
WKH IRXQGDWLRQV IRU WKLV LQFOXGH HPHUJHQW VWUXFWXUH SUDJPDWLF NQRZOHGJH
EXLOGLQJ RQJRLQJ UHGHVLJQ DQG HYROXWLRQ DW WKH V\VWHP OHYHO DQG WKH GHYHO
RSPHQW RI QHZ FRQWHQWIRFXVHG VXEFRPPXQLWLHV
 ࢌH V\VWHP VKRXOG VXSSRUW LQFUHDVLQJO\ UHक़QHG XVHU DQG GRPDLQ PRGHO
LQJ LQ RUGHU WR EHFRPH DQ LQFUHDVLQJO\ KLJKक़GHOLW\ DFWRURULHQWHG PRGHO
RI PDWKHPDWLFDO EHKDYLRU
ॡH QH[W VHFWLRQ H[SDQGV WKHVH SRLQWV EDVHG RQ FRQVXOWDWLRQV ZLWK 3ODQHW0DWK XVHUV
DQG QHZ VWDNHKROGHUV DV GHVFULEHG LQ &KDSWHU  $॑HU GHVFULELQJ WKH LPSOHPHQWDWLRQ
VWUDWHJ\ WKH IROORZLQJ VHFWLRQV SUHVHQW 3ODQHWDU\۟V QHZ IHDWXUHV DQG DQDO\]H WKHP XVLQJ
0DUVKDOO 0F/XKDQ۟V  WHWUDG RI PHGLD H੘HFWV )LJXUH 

&KDSWHU  ,PSOHPHQWDWLRQ
Forum discussions
have been abysmal especially
in the beginning
dicult - making sure people don't abuse the website [...]
There is a lot of random nonsense on the website
meaning the signal to noise ratio is rather low.
Mathworld and Wikipedia oer introductions to / serious
history of math threads, almost never oer proofs.
PlanetMath entries oer deeper history of math thread discussions
that almost always include proofs.
Wikipedia is easier to use but harder to keep,
and PM has taken the bad habit from Wikipedia
of erasing too much and creating too little.
The problem is that planetmath does not take into
account how qualied a contributor is.  Anyone can
take a topic simply by being the rst one to claim it,
rather than being the one most qualied to write it.
This leads to great problems in quality.  There is unfortunately
more focus on quantity rather than quality.  If I am to accept that,
wikipedia seems a better place.
rendering is too slow
LaTeX poses diculties search simply doesn't work
well most of the time
tedious - graphing on pm [...]
Graphics are very hard to do at this site.
I think an enduring value of PM is that it eschews
NPOV and allows there to be multiple entries, if only for
dierent ideas of how to present a topic
Probably the toughest thing has been to keep everything overall running
smoothly (as an admin), and as a user, I found it problematic not having
better "segmentation" of the content so that users contributing dierent sort
of types of material didn't "step on each other's toes"
Implementation of PDF and book creation modes would
boost the usefulness of the website, as well as the ability
to archive preprints and reprints in an ecient manner
use wikipedia sometimes.  there are more articles  
and the length is typically longer so has better content
[...] sometimes reading MathWorld and Wikipedia.
They are good and contain more material.
MathWorld's overwhelming weakness is
that it is centrally-edited, which creates a bottleneck.
teXnical improvements Metadata
for subscriptions
Gallery
Metadata for moderation
Segmentation
Curation
Book creation
)LJXUH  3DUWLFLSDWRU\ GHVLJQ VXUYH\LQJ XVHUV RI WKH OHJDF\ V\VWHP
 )OHVKLQJ RXW WKH VSHFLक़FDWLRQ
3DUWLFLSDWRU\ GHVLJQ
2Q 'HFHPEHU   D TXHVWLRQQDLUH ZDV FLUFXODWHG E\ HPDLO WR  RI 3ODQHW0DWK۟V
KLVWRULFDO WRS FRQWULEXWRUV LQYLWLQJ IHHGEDFN RQ DQ HDUO\ ۢDOSKDۣ YHUVLRQ RI WKH QHZ
ZHEVLWH DV D ZRUNLQSURJUHVV ZKLFK KDG EHHQ GHSOR\HG RQ DOSKDSODQHWPDWKRUJ ॡH
TXHVWLRQV DLPHG WR GLVFRYHU WKH PDWKHPDWLFDO JRDOV DQG LQWHUHVWV RI WRS FRQWULEXWRUV DV
ZHOO DV WKHLU VHQWLPHQWV DERXW 3ODQHW0DWK DQG RWKHU UHODWHG ZHEVLWHV OLNH :LNLSHGLD
)HHGEDFN ZDV SURYLGHG E\  UHVSRQGHQWV DQG WKLV LV VXPPDUL]HG LQ )LJXUH  6HYHUDO
FHQWUDO WKHPHV DUH VXPPDUL]HG EHORZ
*HRPHWULF DQG YLVXDO WKLQNLQJ ॡH IUXVWUDWLRQ SHRSOH H[SHULHQFHG ZRUNLQJ ZLWK
LPDJHV RQ 3ODQHW0DWK1R¸VSKHUH XQGHUVFRUHV WKH LPSRUWDQFH RI YLVXDO DQDORJ WKLQN
LQJ IRU PDNLQJ PHDQLQJ LQ PDWKHPDWLFV ,PSURYHG VXSSRUW IRU FUHDWLQJ DQG VKDULQJ
LPDJHV FRXOG RQO\ KHOS ۙ SDUWLFXODUO\ IRU OHDUQHUV ZKR DUH XVLQJ WKH VLWH WR EXLOG LQWX
LWLRQ QRW MXVW WR FKHFN WKH GHWDLOV RI D GHਖ਼QLWLRQ
→ %H॔HU VXSSRUW IRU PDWKHPDWLFDO GLDJUDPV LV RQH IHDWXUH RI 'LPHQVLRQ  RI WKH VSHFL
ਖ਼FDWLRQ WKH PDWKHPDWLFDO V\PERO V\VWHP LQFOXGHV ERWK DQDORJ DQG GLJLWDO IHDWXUHV

i )OHVKLQJ RXW WKH VSHFLक़FDWLRQ
'LॗHUHQW OHYHOV RI TXDOLक़FDWLRQ ,I RQH ZHUH WR FRQFHGH WKH SRLQW WKDW :LNLSHGLD۟V
HQF\FORSHGLD LV D EH॔HU UHIHUHQFH UHVRXUFH ۙ ZKLFK LV FRQYLQFLQJ HQRXJK WR EH FRQVLG
HUHG ۙ WKDW VWLOO OHDYHV WKH TXHVWLRQ RI D SODFH IRU HYHU\RQH ZKR LV QRW \HW DQ H[SHUW WR
HQJDJH ,Q PDWKHPDWLFV WKHVH SHRSOH DUH R॑HQ VWXGHQWV DQG WKHLU WUDGLWLRQDO PRGH RI
EHFRPLQJ PRUH PDWKHPDWLFDOO\ TXDOLਖ਼HG LV WR VROYH SUREOHPV
→ $GGLQJ SUREOHP VROYLQJ VXSSRUW WR FDWHU WR QRQH[SHUW XVHUV LV WKH HVVHQWLDO IHDWXUH
RI 'LPHQVLRQ 
%UHDGWK 'HSWK DQGࢋDOLW\ ,QGHSWK WUHDWPHQWV RI LQGLYLGXDO WRSLFV DQG EURDG FRY
HUDJH RI PDQ\ GL੘HUHQW WRSLFV DUH ERWK FRQVLGHUHG YDOXDEOH %UHDGWK DQG GHSWK DUH VXE
MHFW WR VRFLDO DQG WHFKQLFDO FRQVWUDLQWV LQFOXGLQJ DYDLODELOLW\ DQG LQFHQWLYHV IRU H[SHUWV
DQG VXLWDEOH WRROV IRU GHDOLQJ ZLWK FRPSOH[ SUHVHQWDWLRQV +LJKTXDOLW\ H[SRVLWLRQ DQG
VWUXFWXUHG SUHVHQWDWLRQV DUH LPSRUWDQW IRU DQ\RQH OHDUQLQJ PDWKHPDWLFV 6RPH SHRSOH
GRXEW ZKHWKHU D ۢFURZGۣ FDQ EXLOG WKLQJV OLNH %H॔HU VXSSRUW IRU PDNLQJ DQG FULWLTXLQJ
ERRNV SUREOHP VHWV ZRXOG FHUWDLQO\ KHOS DORQJ ZLWK WHFKQLTXHV IRU VHPDQWLF PRGHOLQJ
WKDW FDQ DVVLVW LQ TXDOLW\ FRQWURO
→ 2QH RI WKH NH\ LGHDV EHKLQG 'LPHQVLRQ  LV WKDW IHHGEDFN IURP VWXGHQWV DQG FDUH
IXO D॔HQWLRQ WR WKHLU QHHGV ZLOO KHOS HGLWRUV ਖ਼QG SODFHV ZKHUH H[SRVLWLRQ FRXOG EH
LPSURYHG
0RGHUDWLRQ GLग़FXOWLHV 5HODWHG WR WKH SRLQW MXVW PHQWLRQHG WKHUH LV WHQVLRQ EHWZHHQ
KDYLQJ VRPHWKLQJ RQOLQH SHU VH ZKLFK SHRSOH R॑HQ OLNH VLQFH LW SRWHQWLDOO\ KHOSV WKHP
JDLQ H[SRVXUH JHW IHHGEDFN DQG ਖ਼QG SRWHQWLDO FROODERUDWRUV ۙ DQG KDYLQJ VRPHWKLQJ
LQ WKH HQF\FORSHGLD ZKHUH RWKHUV HQG XS KDYLQJ WR LQWHUDFW ZLWK LW )RU H[DPSOH P\
RZQ XSORDGV IURP $30͐ GLGQ۟W ਖ਼W ZHOO LQ 3ODQHW0DWK۟V HQF\FORSHGLD EXW , ZRXOG KDYH
OLNHG WR ਖ਼QG VRPH SODFH IRU WKHP RQ 3ODQHW0DWK &KDSWHU 
→ 6XLWDEOH VWUDWHJLHV IRU VHJPHQWDWLRQZRXOG KHOSZLWKPDQ\ RI WKH VXESRLQWV RI 'LPHQ
VLRQ 
3ODQHW0DWKژV XQLTXH PRGHO ॡH RZQHUVKLS PRGHO EOHQGV ۢ:LNLSHGLDۣ DQG ۢ6FKRO
DUSHGLDۣ∗ DSSURDFKHV 5D\PRQGLWH KRPHVWHDGLQJ LV SDUW RI WKLV PRGHO DQG WKH LQWHQW LV
WKDW WKLV ZLOO JLYH H[SHUWV WKH FKDQFH WR PDQDJH WKHLU RZQ FRQWHQW +RZHYHU WKLV FRPHV
ZLWK VRPH RI SRWHQWLDO TXDOLW\ FRQWURO LVVXHV ZKDW LI LQVWHDG RI LPSURYLQJ DQ DUWLFOH DQ
RZQHU RQO\ ۢVTXDWV LWۣ" ,Q IDFW XVHUV ZKR GRQ۟W UHVSRQG WR FRUUHFWLRQV PXVW RUSKDQ
WKHLU DUWLFOHV ۙ EXW WKH RZQHUVKLS PRGHO VWLOO VORZV GRZQ FKDQJH UHODWLYH WR :LNLSHGLD
$Q LPSURYHG FRDXWKRULQJ ZRUNਗ਼RZ FRXOG WDNH FDUH RI VRPH EDVLF SRLQWV RI FRQਗ਼LFW ,Q
∗?iiT,ffrrrXb+?QH`T2/BXQ`;

&KDSWHU  ,PSOHPHQWDWLRQ
DGGLWLRQ WR RQJRLQJ GLVFXVVLRQV ZLWK XVHUV EH॔HU GDWD JDWKHULQJ DQG DQDO\VLV VKRXOG
KHOS GHWHFW SODFHV ZKHUH XVHUV DUH UXQQLQJ LQWR GLਜ਼FXOW\
→ 8QGHUVWDQGLQJ DQG EH॔HU VHUYLQJ XVHU QHHGV LV RQH RI WKH NH\ DSSOLFDWLRQV RI 'LPHQ
VLRQ 
&RQQHFWLRQV WR VWDNHKROGHU GHVLGHUDWD
7DEOH  IXUWKHU H[SDQGV WKH VSHFLਖ਼FDWLRQ E\ UHIHUULQJ LW WR WKH GHVLGHUDWD LGHQWLਖ਼HG
LQ SUHOLPLQDU\ ਖ਼HOG ZRUN DV VXPPDUL]HG LQ 7DEOH  >i S @ ॡLV \LHOGV D GHWDLOHG
RXWOLQH RI ZRUN IRU WKH LPSOHPHQWDWLRQ SURMHFW
ॡLV H[SDQGHG YLHZ VKRZV KRZ WKH ਖ਼YH IRFDO GLPHQVLRQV RI FKDQJH DW WKH V\VWHP
OHYHO DUH KHUH SURMHFWLRQV RI D PRUH FRPSOLFDWHG FKDQJH SURFHVV 5DWKHU WKDQ ۢGLPHQ
VLRQVۣ LW PD\ EH PRUH DFFXUDWH WR VSHDN RI WKHP QRZ DV ۢVXEVSDFHVۣ RU ۢVXESURFHVVHVۣ
ZLWK WKH IXUWKHU FDYHDW WKDW WKHVH DUH QRW ZKROO\ GLVWLQFW EXW WKDW WKH\ ZLOO LQWHUDFW ZLWK
RQH DQRWKHU (DFK RI WKH ਖ਼YH VXEVSDFHV WUDFHV D YLUWXDO HQJDJHPHQW EHWZHHQ WKH GUDPD
WLV SHUVRQDH 6WXGHQW 0DWKHPDWLFLDQ DQG 3KLORVRSKHU LQ WKH FKDQJLQJ FRQWH[W RI WKH
V\VWHPXQGHUGHYHORSPHQW $OO RI WKHVH ਖ਼JXUHV DUH WKHPVHOYHV LQYROYHG LQ WKHLU RZQ
SURFHVVHV RI FKDQJH >i S @ :KHQ FRPSDUHG ZLWK &KDSWHU  ZKDW۟V QHZ KHUH LV
WKDW LW LV QRZ VHHQ KRZ WKHVH FKDQJH SURFHVVHV FDQ EH UHODWHG WR HDFK RWKHU
ॡH GHVFULSWLRQV SUHVHQWHG LQ 7DEOH  ZHUH QRW REWDLQHG E\ UHDGLQJ DFURVV WKH URZV
RI 7DEOH  EXW E\ UHIDFWRULQJ LWV HOHPHQWV WR WHOO D PRUH FRKHUHQW VWRU\ )RU H[DPSOH
DORQJ 'LPHQVLRQ  WKURXJK WKH KLQJHSLQ RIPRWLYDWLQJ XVHUV WR FRQWULEXWH SUREOHPV DQG
GLVFXVV VROXWLRQV WUXVW DQG FUHGLW ͢ DUH QRZ VHHQ DV FRQQHFWHG ZLWK GLVFXVVLRQ DQG FUL
WLTXH ͦ DV ZHOO DV GDWDGULYHQ UHVHDUFK ORRNLQJ DW WRSLFV OLNH WKH ZD\ XQGHUVWDQGLQJ
GHYHORSV LQ GLDORJ ͧ $V WKH QDWXUH RI WKH VWXGHQW۟V HQYLURQPHQW FKDQJHV VR WKDW KH RU
VKH FDQ JHW FUHGLW IRU SDUWLFLSDWLQJ LQ DFWLYLWLHV RQOLQH WKH PDWKHPDWLFLDQ DQG SKLORVR
SKHU PXVW LQFUHDVLQJO\ XQGHUVWDQG WKHLU UROHV WR EH FRQQHFWHG WR GLVFRXUVH ॡH V\VWHP
FRUUHVSRQGLQJO\ VKRXOG DGDSW WR VXSSRUW SDUWLFLSDWLRQ DW YDU\LQJ OHYHOV RI IDPLOLDULW\
DQG OLWHUDF\ QRW RQO\ ZLWK UHJDUG WR PDWKHPDWLFDO FRQFHSWV DQG SURRI WHFKQLTXHV EXW
DOVR WKH UHOHYDQW IRUPV RI VRFLDO HQJDJHPHQW
ॡLV EURDG SURJUDPPH VWLOO RQO\ SRLQWV LQ D JHQHUDO ZD\ WR ZKDW QHHGV WR EH LPSOH
PHQWHG UDWKHU WKDQ WR D PDQLIHVW RI VSHFLਖ਼F LPSOHPHQWDWLRQ WDVNV *HHUW] QRWHV WKDW WKH
VHSDUDWHQHVV RI SODQV RI WKLV W\SH IURP DFWXDO FXOWXUDO SUDFWLFH ۢPDNHV WKHP OHVV XVHIXO
DV PRGHOV IRU WKH LQWHUDFWLRQ RI FXOWXUDO SDࡉHUQVۣ *HHUW]  S  2Q DQDORJ\ ZLWK
9\JRWVN\۟V YLHZ WKDW ۢWKH SULPLWLYH FKLOG LV D KHDOWK\ FKLOGۣ 9\JRWVNL  WKH LPSOH
PHQWDWLRQ DSSURDFK ZLOO IRFXV RQ WKH PLQLPXP NHUQHO RI IHDWXUHV WKDW LV QHHGHG WR EXLOG
D FRQFUHWH ZRUNLQJ PRGHO UDWKHU WKDQ DQ DEVWUDFW SLFWXUH ,QWHUDFWLQJ ZLWK D UHDOL]HG
V\VWHP ZLOO UHQGHU WKH VXEVHTXHQW GLVFXVVLRQV DQG FULWLTXH FRPSDUDWLYHO\ FRQFUHWH

i )OHVKLQJ RXW WKH VSHFLक़FDWLRQ
'LPHQVLRQ  'HVLGHUDWD ͨ ͬ ͭ ڛ$ VSHFLDOSXUSRVH WRRO FXVWRPL]HG WR
VXLW WKH FKDOOHQJHV RI OHDUQLQJ PDWKHPDWLFVڜ ॡH V\VWHP PXVW GHDO ZLWK
ERWK LQIRUPDWLRQDO DQG LQWHUDFWLRQDO QHHGV RI XVHUV ,W VKRXOG DOORZ XVHUV WR PDNH
OHDUQLQJUHOHYDQW DGDSWDWLRQV DQG FXVWRPL]DWLRQV ,W VKRXOG KHOS SHRSOH YLVXDOL]H
DQG LQWHUDFW ZLWK PDWKHPDWLFDO NQRZOHGJH ۙ GLDJUDPPDWLF WKLQNLQJ LV RQH EDVLF
DVSHFW RI WKLV
'LPHQVLRQ  'HVLGHUDWD ͥ ͩ Ͱ ڛ$Q DFWLYH DQG LQWHUDFWLYH SURFHVV FHQWHUHG
RQSUREOHP VROYLQJڜ ॡLV VKRXOG LQFOXGH IHDWXUHV RI SURJUHVVLYH SUREOHP VROYLQJ
DQG LQFUHPHQWDO IHHGEDFN DV ZHOO DV WKH RSSRUWXQLW\ WR OHDUQ DQG SUDFWLFH FROODE
RUDWLRQ VNLOOV :H VKRXOG EXLOG EH॔HU PRGHOV RI H[SRVLWRU\ TXDOLW\ DQG H੘HFWLYH
SUREOHP VROYLQJ KHXULVWLFV DQG WKH UHODWLRQVKLS EHWZHHQ WKHP $V VWXGHQWV EHFRPH
EH॔HU DW VROYLQJ SUREOHPV WKH\ EHFRPH PRUH PDWKHPDWLFDOO\ TXDOLਖ਼HG LGHDOO\ WKH
V\VWHP VKRXOG EH XVHIXO ZKHUHYHU WKH XVHU LV LQ WKHLU PDWKHPDWLFDO OLWHUDF\ OLIHF\FOH
'LPHQVLRQ  'HVLGHUDWD ͢ ͦ ͧ ڛ0RWLYDWH XVHUV WR FRQWULEXWH SUREOHPV DQG
GLVFXVV VROXWLRQVڜ ,Q RUGHU WR DFFRPSOLVK WKLV ZH ZLOO KDYH WR DGGUHVV WKH LVVXHV
RI WUXVW DQG FUHGLW ,I ZH ZDQW WR PRWLYDWH QHZ OHYHOV RI HQJDJHPHQW IURP HGLWRUV
DQG WHDFKHUV ZH ZLOO KDYH WR KLJKOLJKW WKH Hਜ਼FDF\ RI GLVFXVVLRQ DQG FULWLTXH :H
VKRXOG LGHQWLI\ WKH PHWDPDWKHPDWLFDO UHVHDUFK SUREOHPV DVVRFLDWHG ZLWK GLVFRXUVH
LQ WKH VSDFH DQG KHOS UHVHDUFKHUV ZRUN RQ WKHVH SUREOHPV )ROORZLQJ 7LPRWK\
*RZHUV OHW۟V DVN ۢ,V PDVVLYHO\ FROODERUDWLYH PDWKHPDWLFV LQVWUXFWLRQ SRVVLEOH"ۣ
'LPHQVLRQ  'HVLGHUDWD ͣ ͤ ͫ ڛ6XSSRUW PDWKHPDWLFDO PHDQLQJ PDNLQJ
ZLWKLQ WKH V\VWHP DQG WKURXJK RQJRLQJ V\VWHP GHYHORSPHQWڜ :LOO XVHU
FRPPHQWV EH KHDUG DQG DFWHG XSRQ ZKHWKHU DW WKH OHYHO RI ۢV\VWHPۣ RU ۢFRQWHQWۣ"
&DQ XVHUV WKHPVHOYHV FRQWULEXWH WR GHYHORSPHQW" &DQ ZH GHYHORS D ULJRURXV
DSSURDFK WR V\VWHP FKDQJH DQG GHYHORSPHQW" 2QH FRQFUHWH SUREOHP LV WKH WHQVLRQ
EHWZHHQ PDNLQJ LW HDV\ IRU FRQWULEXWRUV WR DGG PDWHULDO DQG PDNLQJ WKH WKLQJV WKH
UHDGHU VHHV KLJKTXDOLW\ ॡLV LQYLWHV DQ LQQRYDWLYH DSSURDFK WR VHJPHQWLQJ WKH VLWH
'LPHQVLRQ  'HVLGHUDWD ͪ ͮ ͯ ڛ6XSSRUW XVHU DQG GRPDLQPRGHOLQJڜ &DQ
ZH GLVFULPLQDWH EHWZHHQ WKH WDVNV ZKHUH VRFLDO SUREOHP VROYLQJ ZRUNV EH॔HU WKDQ
LQGLYLGXDO H੘RUW DQG YLFH YHUVD" &DQ ZH XQGHUVWDQG WKH EHKDYLRUDO DQG VHPDQWLF
IHDWXUHV RI KLJKTXDOLW\ H[SRVLWLRQ" +RZ FDQ ZH IDFLOLWDWH JUDSK WKHRUHWLF DQDO\VHV
RI TXHVWLRQV OLNH WKHVH" +RZ FDQ ZH XQGHUVWDQG WKH LPSDFW RI V\VWHP IHDWXUHV OLNH
WKH RZQHUVKLS PRGHO RQ WKH XVHU H[SHULHQFH"
7DEOH  'HVLJQ GLPHQVLRQV
&KDSWHU  ,PSOHPHQWDWLRQ
 ,PSOHPHQWDWLRQ VWUDWHJ\
)LJXUH  FRQQHFWV WKH VSHFLਖ਼FDWLRQ GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ WR FRQFUHWH V\V
WHP IHDWXUHV $V FDQ EH VHHQ E\ FRPSDULQJ ZLWK )LJXUH  PDQ\ ORQJVWDQGLQJ IHDWXUH
UHTXHVWV KDYH EHHQ DGGUHVVHG LQ WKH SURFHVV RI WKLV FRQYHUVLRQ DV ZHOO
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)LJXUH  &RQQHFWLQJ WKH GHVLJQ VSHFLडFDWLRQ WR FRQFUHWH V\VWHP IHDWXUHV
,Q RUGHU WR UHDOL]H WKLV GHVLJQ DQG GHYHORS D VROLG IRXQGDWLRQ IRU IXUWKHU ZRUN GHYHO
RSPHQW EHJDQ E\ UHEXLOGLQJ WKH PDLQ IHDWXUHV RI 1R¸VSKHUH IURP WKH JURXQG XS ۙ XVLQJ
WKH H[WHQVLEOH FRQWHQW PDQDJHPHQW V\VWHP &06 'UXSDO ∗ ॡLV DOORZHG XV WR PRG
HUQL]H DQGPRGXODUL]H WKH V\VWHP LQ WKH SURFHVV RI EXLOGLQJ RXU HQKDQFHPHQWV ,W FDQQRW
EH HPSKDVL]HG HQRXJK KRZ PXFK DQ HDV\ WR LQVWDOO V\VWHP EXLOW DV FXVWRPL]DWLRQV WR
D PDLQVWUHDP &06 KHOSV ZLWK H[WHQVLELOLW\ ZKHQ FRPSDUHG ZLWK D GLਜ਼FXOW WR LQVWDOO
FXVWRP FRGHEDVHۦ ॡLV LV LPSRUWDQW LQ OLJKW RI WKH IDFW WKDW ZH FRXOG QRW UHDOLVWLFDOO\ GR
HYHU\WKLQJ WKDW HYHU\RQHZRXOG KDYH OLNH WR VHH GRQH LQ WKH WLPH DYDLODEOH $Q H[WHQVLEOH
PRGHUQ V\VWHP WKDW FRPELQHV IHDWXUHSDULW\ ZLWK 1R¸VSKHUH DQG QHZ SUREOHP VROYLQJ
IHDWXUHV ZDV VXਜ਼FLHQW IRU FXUUHQW SXUSRVHV 1RW RQO\ LV WKH V\VWHP LPPHGLDWHO\ XVDEOH
∗?iiT,ff/`mTHXQ`;f/`mTH@ऱXप
ۦ)XOO LQVWDOODWLRQ LQVWUXFWLRQV IRU 3ODQHWDU\ DUH DYDLODEOH RQ *LWKXE ?iiTb,ff;Bi?m#X+QKfEq_*f
THM2i`vfrBFBfAMbiHHiBQM@BMbi`m+iBQMb

i ,PSOHPHQWDWLRQ VWUDWHJ\
ۙ IHDWXULQJ VRPH QRWLFHDEOH LPSURYHPHQWV RYHU 1R¸VSKHUH ۙ LW DOVR DOORZHG FROODERUDW
LQJ GHYHORSHUV WR EXLOG QHZ ZRUNLQJ SURWRW\SHV WKDW RSHQ XS LQWHUHVWLQJ GLUHFWLRQV IRU
IXUWKHU ZRUN 'HYHORSPHQW WRRN SODFH RQ *LWKXE WR IDFLOLWDWH GLVWULEXWHG UHYLVLRQ DQG
GHYHORSHUV PDGH XVH RI WKH LQWHJUDWHG LVVXH WUDFNHU
,Q DGGLWLRQ WR 'UXSDO WZR RWKHU FRUH FRPSRQHQWV FRPH WRJHWKHU WR IRUP WKH QHZ
3ODQHWDU\ V\VWHP ॡHVH DUH  /$7(;0/∗ ZKLFK ZH XVHG WR SURYLGH D PRGHUQ IDVW UHQ
GHULQJ V\VWHP WKDW VXSSRUWV VHPDQWLF PDUNXS DQG  WKH 9LUWXRVR WULSOH VWRUHۦ ZKLFK
DOORZHG XV WR EHJLQ WR PDNH XVH RI VHPDQWLF PDUNXS LQ D FRPSXWDWLRQDO PDQQHU
:KHQ FRPSDUHG ZLWK 1R¸VSKHUH 3ODQHWDU\ LV EH॔HU DEOH WR H[SRVH VHPDQWLFV DW WKH
ਖ਼QHJUDLQHG WH[WXDO DQG EXON\ K\SHUWH[WXDO OHYHOV ॡLV PHDQV WKDW LQ WKH IXWXUH PXFK
PRUH LQIRUPDWLRQ ZLOO EH DYDLODEOH IRU DQDO\VLV DORQJ WKH OLQHV LQGLFDWHG LQ &KDSWHU 
$V LV WKH QDWXUH RI RSHQ VRXUFH FROODERUDWLRQ 3ODQHWDU\ EXLOGV RQ D FRQVLGHUDEOH ERG\
RI SULRU ZRUN FI .RKOKDVH HW DO  3ODQHW0DWK LV WKH ਖ਼UVW PDMRU SXEOLF GHPR RI
WKH 3ODQHWDU\ SODWIRUP $॑HU D VKRUW RYHUYLHZ RI WKH V\VWHP DV D ZKROH WKLV FKDSWHU
ZLOO IRFXV RQ SUREOHP VROYLQJ VXSSRUW SUREOHPV VROXWLRQV UHYLHZV FROOHFWLRQV TXHV
WLRQV GDWD PDQDJHPHQW SHUVRQDOL]HG WUDFNLQJ 63$54/ LQWHJUDWLRQ YLD 9LUWXRVR DQG
3\5')D DQG VXSSRUW IRU JURXSV ZKLFK ,۟YH EHHQ SULPDULO\ UHVSRQVLEOH IRU GHYHORSLQJ
LQ RUGHU WR EXLOG 3ODQHW0DWK3ODQHWDU\ 'HWDLOV RQ RWKHU IHDWXUHV RI WKH 3ODQHWDU\ V\V
WHP ۙ LQFOXGLQJ UHDOWLPH FROODERUDWLYH HGLWLQJ -DYDVFULSWEDVHG LQWHUDFWLRQ IRU UHDGHUV
PDWKHPDWLFVDZDUH VHDUFK DQG H[SUHVVLYH VHPDQWLF PDUNXS YLD 67(; ۙ FDQ EH IRXQG
LQ SDSHUV E\ RWKHU PHPEHUV RI WKH 3ODQHWDU\ WHDP -XFRYVFKL  .RKOKDVH ३
.RKOKDVH HW DO  .RKOKDVH 0DWLFDQ 	 3URGHVFX  .RKOKDVH  
2YHUYLHZ RI 3ODQHWDU\ژV IHDWXUHV
$॑HU D ਖ਼UVW URXQG RI SURWRW\SLQJ ZLWK 9DQLOOD )RUXPVۧ .RKOKDVH HW DO  ZH VHW
WOHG RQ XVLQJ 'UXSDO  DV WKH EDVLV IRU WKH V\VWHP 'UXSDO LV D SRSXODU RSHQ VRXUFH FRQ
WHQW PDQDJHPHQW V\VWHP NQRZQ IRU LWV PRGXODU DSSURDFK 0DQ\ FRQWULEXWHG IUHHRSHQ
VRXUFH PRGXOHV DUH DYDLODEOH DQG WKH 'UXSDO GHYHORSHU FRPPXQLW\ R੘HUV D UDQJH RI
SURIHVVLRQDO VHUYLFHV )RU SURFHVVLQJ PDWKHPDWLFDO WH[W ZH XVHG /$7(;0/ D SDUVHU WKDW
WDNHV LQ /$7(; VRXUFH FRGH DQG JHQHUDWHV ;0/ DQG IURP WKDW +70/0DWK0/i
0DWK0/ LV D ORZOHYHO VSHFLडFDWLRQ IRU GHVFULELQJ PDWKHPDWLFV DV D EDVLV IRU PDFKLQH
WR PDFKLQH FRPPXQLFDWLRQ ZKLFK SURYLGHV DPXFK QHHGHG IRXQGDWLRQ IRU WKH LQFOXVLRQ
RI PDWKHPDWLFDO H[SUHVVLRQV LQ :HE SDJHV ۙ ?iiT,ffrrrXrभXQ`;fJi?f
∗?iiT,ff/HK7XMBbiX;QpfGh2sJGf
ۦ?iiT,ffpB`imQbQXQT2MHBMFbrX+QKf/ibT+2f/pfrBFBfJBMf
ۧ?iiT,ffpMBHH7Q`mKbXQ`;f
i?iiT,ff/HK7XMBbiX;QpfGh2sJGf

&KDSWHU  ,PSOHPHQWDWLRQ
)URP WKH XVHU SHUVSHFWLYH D VLJQLਖ਼FDQW DGYDQWDJH RI 0DWK0/ LV WKDW LW WUDQVIHUV DQG
UHQGHUV PXFK IDVWHU WKDQ RWKHU DOWHUQDWLYHV ,W LV UHQGHUHG QDWLYHO\ E\ DQ LQFUHDVLQJ
QXPEHU RI ZHE EURZVHUV DQG WKH -DYDVFULSWEDVHG 0DWK-D; SURYLGHV D IDOOEDFN VROXWLRQ
LQ EURZVHUV ZKHUH QDWLYH 0DWK0/ UHQGHULQJ LV QRW DYDLODEOH 0DWK0/ DOVR OD\V WKH
IRXQGDWLRQ IRU LQWHUDFWLYH LQEURZVHU VHUYLFHV .RKOKDVH HW DO 
:H ZHUH DEOH WR XVH VHYHUDO FRQWULEXWHG 'UXSDO PRGXOHV ZLWK ]HUR FRQਖ਼JXUDWLRQ WR
UHSURGXFH VRPH RI WKH ROG IHDWXUHV IURP 1R¸VSKHUH ([DPSOHV LQFOXGH WKH FRQWULEXWHG
T`Bpi2Kb; DQG ri+?2` PRGXOHV 2WKHU PRGXOHV FRXOG EH XVHG ZLWK VRPH PLQRU FXV
WRPL]DWLRQ HJ VFRUHNHHSLQJ YLD mb2`TQBMib RU LQWHJUDWLRQ YLD DQ $3, HJ JURXSV VXS
SRUW XVLQJ WKH 2UJDQLF *URXSV PRGXOH Q; 6RPH IHDWXUHV QDWXUDOO\ KDG WR EH FXVWRP
EXLOW IRU H[DPSOH D QHZ +Q``2+iBQMb PRGXOH DQG WKH /`mi2tKH PRGXOH ZKLFK FRPPX
QLFDWHV ZLWK /$7(;0/ UXQQLQJ DV D ZHE VHUYLFH
&RQVWDQWLQ -XFRYVFKL XVHG WKH rvbBrv; PRGXOH WR DGG D FXVWRP UHDOWLPH FROODER
UDWLYH HGLWRU EDVHG RQ 6KDUH-6∗ +H LV H[WHQGLQJ WKH HGLWRU ZLWK ۢERWVۣ WKDW SURYLGH D
UDQJH RI LQHGLWRU VHUYLFHV -XFRYVFKL  ॡH RQO\ FRGH UHPDLQLQJ IURP WKH OHJDF\
3ODQHW0DWK FRGHEDVH LV WKH 11H[XV DXWROLQNLQJ PRGXOH ZKLFK 'H\DQ *LQHY KDV UHIDF
WRUHG LQWR REMHFW RULHQWHG 3HUO DQG DGDSWHG WR UXQ DV D ZHE VHUYLFH DORQJ WKH OLQHV RI
WKH /$7(;0/ ZHE GDHPRQ ZKLFK KH DOVR PDLQWDLQV FI *LQHY 	 &RUQHOL ۦ
3UREOHPV DQG VROXWLRQV DUH WKH NH\ QHZ REMHFWV DORQJ ZLWK TXHVWLRQV FROOHFWLRQV DQG
JURXSV :RUNLQJ ZLWK SUREOHPV DQG VROXWLRQV DQG LQWHJUDWLQJ WKHP ZLWK H[SRVLWRU\
PDWHULDO IURP WKH HQF\FORSHGLD UHTXLUHV QHZ ZRUNਗ਼RZ DQG PHWDGDWD PDQDJHPHQW IHD
WXUHV 7DEOH  >i S @ VXPPDUL]HG WKH PDLQ DFWLYLWLHV SODQQHG IRU WKH QHZ V\VWHP
DQG FRQQHFWHG WKHVH DFWLYLWLHV ZLWK WKH ਖ਼YH GLPHQVLRQV RI SDUDJRJ\ )LJXUH  QRZ SUR
YLGHV D VLJQLਖ਼FDQWO\ H[SDQGHG YLHZ RI D SDUDJRJLFDO GHVLJQ IRU PDWKHPDWLFV OHDUQLQJ
0DQ\ RI WKH QHZ IHDWXUHV DUH IDPLOLDU IURP RWKHU ZLNLV RQOLQH FRPPXQLWLHV RU RੜLQH
SUREOHP VROYLQJ FRQWH[WV &ROOHFWLRQV GR UHTXLUH D EULHI LQWURGXFWLRQ ॡH DYDLODEOH
LQWHUDFWLRQV DUH VLPLODU WR WKRVH DVVRFLDWHG ZLWK <RX7XEH SOD\OLVWVۧ LH FROOHFWLRQV DUH
GHVLJQHG WR KHOS XVHUV RUJDQL]H DUWLFOHV SUREOHPV DQG RWKHU FRQWHQW ,Q WKHPDWKHPDWLFV
FRQWH[W FROOHFWLRQV DUH XVHIXO IRU VKDULQJ UHDGLQJ OLVWV SUREOHP VHWV DQG PRUH FRPSOH[
FXUULFXODU REMHFWV FI >i S @ $ VLPLODU IHDWXUH ZDV GHYHORSHG E\ 6LOYDQ 5HLQKROG
 IRU WKH :LNL7UDLOV V\VWHP ZKLFK ZDV GHVLJQHG WR DXJPHQW D 0HGLD:LNL LQVWDO
ODWLRQ ZLWK QDYLJDWLRQDO DQG OHDUQLQJ SDWKZD\V 7UDLOV FRXOG EH FUHDWHG LQ ۢDXWRPDWLF
VHPLDXWRPDWLF DV ZHOO DV PDQXDO PRGHVۣ &KULVWRSK /DQJH  SRLQWV RXW WKDW WKH
NQRZOHGJH HPEHGGHG LQ ZLNL SDJHV LV QRW XVHG E\ WKH :LNL7UDLOV V\VWHP ,Q WKH FXUUHQW
SURWRW\SH WKH FROOHFWLRQVPHFKDQLVP LQWHJUDWHV LQIRUPDWLRQ DERXW XVHU LQWHUDFWLRQV DQG
∗?iiTb,ff;Bi?m#X+QKfDm+Qpb+?Bfa?`2Ca
ۦ?iiTb,ff;Bi?m#X+QKf/;BM2pfMM2tmb
ۧ?iiT,ffrrrXvQmim#2X+QKfvifTHv#QQFfTHvHBbibX?iKH

i 6\VWHP ZDONWKURXJK
WKH K\SHUWH[WXDO FRQWH[W 'HHSHU VHPDQWLF LQWHJUDWLRQ LV OH॑ IRU IXWXUH ZRUN
,Q WKH IROORZLQJ VHFWLRQ WKH V\VWHP IHDWXUHV WKDW ZHUH SUHVHQWHG LQ FDSVXOH IRUP LQ
)LJXUH  DUH XQSDFNHG DQG H[SORUHG ZLWK VFUHHQVKRWV IURP WKH OLYH V\VWHP GHSOR\HG RQ
3ODQHW0DWK
 6\VWHP ZDONWKURXJK
)LJXUHV ۙ VKRZ VRPH RI WKH NH\ IHDWXUHV RI WKH GHYHORSHG V\VWHP ॡH SDJHV FDQ
DOVR EH EURZVHG RQ 3ODQHW0DWK∗ ॡH VFUHHQVKRWV DQG GLVFXVVLRQ DUH RUJDQL]HG LQ WHUPV
RI WKH ਖ਼YH GLPHQVLRQV RI WKH GHVLJQ GHVFULEHG LQ 7DEOH 
ॡH FOXVWHUV RI IHDWXUHV DVVRFLDWHG ZLWK HDFK RI WKHVH GLPHQVLRQV LV UHYLHZHG LQ WHUPV
RI WKH 0F/XKDQ WHWUDG )LJXUH  ZKLFK KHOSV WR IRFXV RQ VSHFLਖ਼F ORFDOL]HG FKDQJHV LQ
FRQWUDVW IRU H[DPSOH WR WKH PRUH JOREDO FRQFHUQV DGGUHVVHG E\ 5LFKDUGVRQ DQG 'RPLQ
JRV  >i S @ 6RPH RI WKH SUDJPDWLF IHDWXUHV DVVRFLDWHG ZLWK EXLOGLQJ ODUJH
NQRZOHGJH EDVHV DUH HQKDQFHG E\ WKH QHZ IHDWXUHV DQG ZKHUH VRPHWKLQJ FDQ EH VDLG
DERXW WKLV LW ZLOO QRWHG ۙ EXW WKHUH DUH RWKHU FXOWXUDO IDFWRUV WKDW DUH UHOHYDQW WR SHHU
SURGXFHG SHHU OHDUQLQJ WKDW 0F/XKDQ۟V IRUPXODWLRQ LV EH॔HU DW FDSWXULQJ
 $ VSHFLDO SXUSRVH WRRO FXVWRPL]HG WR VXLW WKH FKDOOHQJHV RI
OHDUQLQJ PDWKHPDWLFV
)LJXUH  LOOXVWUDWHV WKH ਖ਼UVW SRLQW ZKHUH D XVHU PLJKW HQFRXQWHU RQH RI WKH NH\ QHZ
IHDWXUHV RI WKH V\VWHP :KHQ EURZVLQJ DQ DUWLFOH D EORFN FRQWDLQLQJ OLQNV WR D॔DFKHG
SUREOHPV DSSHDUV LI WKH DUWLFOH KDV D॔DFKHG SUREOHPV ,I WKHUH DUH QR D॔DFKHG SUREOHPV
WKH UHDGHU LV LQYLWHG WR DGG RQH ॡH ਖ਼JXUH LOOXVWUDWHV DGGLWLRQDO LQWHUDFWLRQV WKDW DUH
DYDLODEOH WR DQ\ ORJJHGLQ UHDGHU ZKHQ EURZVLQJ DQ HQF\FORSHGLD DUWLFOH ॡH UHDGHU
FDQ DGG D FRUUHFWLRQ DVN D TXHVWLRQ RU DGG WKH DUWLFOH WR D FROOHFWLRQ %RWK WKH WH[W RI
WKH DUWLFOH DQG WKH ۢORRN DQG IHHOۣ DUH ZRUWK FRPPHQWLQJ RQ
,Q WKH SDVW 3ODQHW0DWK XVHG D UDQJH RI GL੘HUHQW UHQGHULQJ V\VWHPV ॡH HDUOLHVW RI
WKHVH ZDV /$7(;+70/ۦ D V\VWHP WKDW FRQYHUWV PDWKHPDWLFDO H[SUHVVLRQV LQWR LQOLQH
LPDJHV ॡH PRVW UHFHQW V\VWHP XVHG E\ 1R¸VSKHUH ZDV MV0DWK WKH LPPHGLDWH SUHGH
FHVVRU WR WKH PRUH ZLGHO\DGRSWHG 0DWK-D; -DYDVFULSWEDVHG FOLHQWVLGH UHQGHULQJ ZLWK
WKHVH WRROV LV FRQVLGHUDEO\ VORZHU WKDQ QDWLYH UHQGHULQJ RI 0DWK0/ ZLWKLQ WKH EURZVHU
ZKLFK LV FXUUHQWO\ EHVW VXSSRUWHG E\ )LUHIR[۟V &EDVHG *HFNR HQJLQH 1DWLYH VXSSRUW
IRU 0DWK0/ LV QRW SUHVHQW LQ DOO PRGHUQ EURZVHUV VR 3ODQHWDU\ LQFOXGHV 0DWK-D; DV D
IDOOEDFN RSWLRQ /$7(; VRXUFH FRGH DQG UHQGHUHG 3')V DUH DOVR PDGH DYDLODEOH
∗8SWRGDWH VFUHHQVKRWV WRJHWKHU ZLWK OLQNV WR OLYH SDJHV RQ WKH V\VWHP DUH FROOHFWHG DW ?iiT,ff
THM2iKi?XQ`;fTHM2i`v`2H2b2MQi2b
ۦ?iiT,ffrrrXHi2tब?iKHXQ`;f

&KDSWHU  ,PSOHPHQWDWLRQ
)LJXUH  ڨ$UWLFOH 8,ک UHDGHU YLHZ LQFOXGLQJ SUREOHPV DࡉDFKHG WR DUWLFOHV
ॡH WKUHHFROXPQ WKHPH ZDV LPSOHPHQWHG E\ $OH[ 'XPLWUX XVLQJ 'UXSDO۟V SRSXODU
x2M WKHPLQJ V\VWHP YHUVLRQ [∗ ॡH LGHD ZDV WR SURYLGH WKH EDVLF LQWHUDFWLRQV DQG
VLWH PHVVDJHV LQ D VLPSOH YHUVLRQ RI D ۢKHDGVXS GLVSOD\ۣۦ 2QH GHVLJQHU , VSRNH ZLWK
ZDV QRW JUHDWO\ LPSUHVVHG DQG VDLG WKDW WKH VLWH KDV DQ ۢHDUO\ QLQHWLHV ORRNۣ ۧ $V QRWHG
LQ &KDSWHU  D OD\RXW WKDW XVHG DOO RI WKH VSDFH RQ WKH SDJH IRU WH[W PLJKW ORRN ۢPRUH
SURIHVVLRQDOۣ >i S @ 6RPH DGGLWLRQDO WKHPLQJ DQG -DYDVFULSW ZRUN ZRXOG HQDEOH
XV WR PDNH WKH VLGHEDUV VWD\ KLGGHQ XQOHVV QHHGHG EXW DW WKH RXWVHW RI WKH SURMHFW WKHUH
ZHUH RWKHU PRUH SUHVVLQJ LVVXHV WR VROYH
ॡH +70/ SURGXFHG E\ /$7(;0/ H[SUHVVHV PDWKHPDWLFDO V\PEROV XVLQJ WKHLU 8QL
FRGH UHSUHVHQWDWLRQV 6RPH RI WKH ۢREVFXUHۣ V\PEROV OLNH )UDNWXU IRQWV RFFXS\ UHJLV
WHUV EH\RQG WKH %DVLF 0XOWLOLQJXDO 3ODQH [  [)))) VXSSRUWHG E\ 0\64/۟V 87)
HQFRGLQJ 3ODQHWDU\ VHHPV WR EH WKH ਖ਼UVW V\VWHP WR XVH /$7(;0/ WRJHWKHU ZLWK D 0\64/
GDWDEDVH $ UHVROXWLRQ ZDV UHDFKHG E\ XSJUDGLQJ 0\64/ DQG FRQYHUWLQJ WR WKH ULFKHU
87)0% HQFRGLQJi DQG FUHDWLQJ D ORFDO SDWFK IRU 'UXSDO۟V FRUH GDWDEDVH PRGXOH
∗?iiTb,ff/`mTHXQ`;fT`QD2+ifx2M
ۦ?iiT,ff2MXrBFBT2/BXQ`;frBFBf>2/@mTn/BbTHv
ۧ$QQD .HXQH SHUVRQDO FRPPXQLFDWLRQ
i?iiT,ff/2pXKvb[HX+QKf/Q+f`27KMfयXयf2Mf+?`b2i@mMB+Q/2@mi7लK#मX?iKH

i 6\VWHP ZDONWKURXJK
)LJXUH  3UREOHPV DUH DࡉDFKHG WR DUWLFOHV VROXWLRQV DUH DࡉDFKHG WR SUREOHPV
)LJXUH  VKRZV D SUREOHP ZLWK LWV RZQ VHW RI LQWHUDFWLRQV LQFOXGLQJ WKH DELOLW\ WR
DGG D QHZ VROXWLRQ 2QFH VROXWLRQV KDYH EHHQ DGGHG WKH\ ZLOO EH OLVWHG LQ DQRWKHU EORFN
3UREOHPV DOVR FRPH ZLWK D ۢ5HODWHG $UWLFOHVۣ EORFN WKDW VKRZV WKH DUWLFOHV WR ZKLFK WKH
SUREOHP KDV EHHQ D॔DFKHG LI DQ\ 6RPH XVHUV PLJKW SUHIHU QRW WR NQRZ WKDW VROX
WLRQV DUH DYDLODEOH XQWLO WKH\ VSHFLਖ਼FDOO\ DVN IRU D KLQW 'UXSDO ZRXOG PDNH LW HDV\ WR
DFFRPPRGDWH WKLV VRUW RI XVHU SUHIHUHQFH∗ ,Q WHUPV RI RXU DELOLW\ WR FRQWURO V\VWHP IHD
WXUHV DW WKLV OHYHO ZH FDQ FRPSDUH 3ODQHWDU\ ZLWK:RUNLQJ:LNL D 0HGLD:LNL H[WHQVLRQ
IRU LQWHUDFWLQJ ZLWK VRXUFH FRGH RI YDULRXV IRUPV LQFOXGLQJ /$7(;ۦ :RUNLQJ:LNL LV DQ
H[FHOOHQW SURJUDP WKDW SXVKHV WKH HQYHORSH RI ZKDW FDQ EH GRQH ZLWK ZLNLV ۙ DQG OLNH
3ODQHWDU\ LW XVHV /$7(;0/ IRU UHQGHULQJ ॡH HDVH ZLWK ZKLFK GL੘HUHQW NLQGV RI FRQWHQW
FDQ EH FUHDWHG DQG FRQQHFWHG WRJHWKHU LQ 'UXSDO FRQਖ਼UPV WKDW XVLQJ D &06 LV D JRRG
FKRLFH IRU WKH 3ODQHWDU\ SURMHFW ,QWHUFRQQHFWLRQV EHWZHHQ GL੘HUHQW NLQGV RI FRQWHQW
DQG LQWHUDFWLRQV DURXQG WKHVH FRQQHFWLRQV DUH WKH HVVHQWLDO IHDWXUHV RI WKH GHVLJQ )LJ
XUH  >i S @ 8VLQJ /$7(;0/ RSHQV WKH GRRU WR LQWHUDFWLRQ ZLWK LQGLYLGXDO SLHFHV
RI FRQWHQW YLD ۢGHHS OLQNV ۣ VLQFH HDFK HOHPHQW RQ WKH SDJH LV VXSSOLHG ZLWK D XQLTXH
LGHQWLਖ਼HU tKH,B/ۧi
∗?iiTb,ff;Bi?m#X+QKfEq_*fTHM2i`vfBbbm2bfभमभ
ۦ?iiT,ffrrrXK2/BrBFBXQ`;frBFBf1ti2MbBQM,qQ`FBM;qBFB
ۧ?iiT,ffHBbibXD+Q#b@mMBp2`bBivX/2fTBT2`KBHfT`QD2+i@Hi2tKHfबपफभ@T`BHfपपफबळफX
?iKH
i?iiTb,ff;`QmTbX;QQ;H2X+QKf7Q`mKfO5iQTB+fTHM2i`v@/2pftSपSBaZoZL1

&KDSWHU  ,PSOHPHQWDWLRQ
(QKDQFH ॡH LPSURYHPHQWV GHVFULEHG KHUH WDUJHW WKH UHODWLRQDO IHDWXUHV RI WKH 3ODQHW
0DWK V\VWHP 1RW RQO\ DUH REMHFWV UHODWHG WR RWKHU REMHFWV LQ QHZ ZD\V WKH WH[W
LWVHOI LV HQKDQFHG ZKLFK IDFLOLWDWHV QHZ ZD\V IRU SHRSOH WR LQWHUDFW ZLWK V\VWHP
FRQWHQWV )RU LQVWDQFH LW LV QRZ SRVVLEOH WR OLQN WR DQG GLVFXVV LQGLYLGXDO HOHPHQWV
RI WKH SDJH $W ERWK ۢPLFURۣ DQG ۢPDFURۣ OHYHO WKH V\VWHP KDV EH॔HU VXSSRUW IRU
XVHU LQWHUDFWLRQV
2EVROHVFH ॡH ਖ਼UVW WDUJHW RI WKH 3ODQHWDU\ SURMHFW KDV EHHQ WR REVROHVFH 1R¸VSKHUH E\
EXLOGLQJ D V\VWHP ZLWK IHDWXUH SDULW\ $ SRWHQWLDO ORQJHUWHUP JRDO LV WR REVROHVFH
RWKHU RQOLQH RU RੜLQHPDWKHPDWLFV UHVRXUFHV E\ JURZLQJ WR LQFOXGH IHDWXUH SDULW\
ZLWK PRUH RI WKHP $W WKLV VWDJH WKH NH\ SRLQW LV WR VXSSRUW FXVWRPL]DELOLW\ DQG
H[WHQVLELOLW\ LQ 3ODQHWDU\ V\VWHP DW DOO OHYHOV
5HWULHYH 5HIHUHQFH PDWHULDO LV QRZ FRQQHFWHG H[SOLFLWO\ WR D SUREOHP VROYLQJ FRQWH[W
ॡH VHQVH RI PDWKHPDWLFV DV D VXEMHFW WKDW LV RQO\ OHDUQHG DFWLYHO\ LV EURXJKW LQWR
IRFXV LQ WKH QHZ V\VWHP
5HYHUVH :KHQ WKH UHODWLRQV EHWZHHQ GL੘HUHQW WRSLFV DUH GHYHORSHG IXUWKHU LW PD\ EH
HDVLHU WR FRQFHSWXDOL]H 3ODQHW0DWK۟V FRQWHQW QRW VLPSO\ DV D WH[WXDO RU K\SHU
WH[WXDO FRUSXV EXW DV D JUDSKLFDO LPDJH RU LQWHUDFWLYH PDWKHPDWLFDO REMHFW ॡH
0DWK0DS SURMHFW E\ -DQ :LONHQ '¸UULH DW .:$5& R੘HUV DQ HDUO\ SURWRW\SH IRU
WKLV H[SHULHQFH DQG FXUUHQWO\ SURYLGHV DQ DOWHUQDWLYH DFFHVV PHWKRG WR 3ODQHW
0DWK۟V FRQWHQW∗
 $Q DFWLYH DQG LQWHUDFWLYH SURFHVV FHQWHUHG RQ SUREOHP VROYLQJ
)LJXUH  VKRZV WKH QHZ /$7(; HGLWRU LQ DFWLRQ ZLWK WKH XVHU LQ WKH SURFHVV RI DGGLQJ D
VROXWLRQ WR WKH SUREOHP WKDW ZDV VKRZQ LQ )LJXUH  ॡH WH[W RI WKH SUREOHP VWDWHPHQW
KDV EHHQ DXWRPDWLFDOO\ UHWULHYHG DQG FRSLHG RQWR WKH VFUHHQ DERYH WKH /$7(; ਖ਼HOG VR
WKH XVHU GRHVQ۟W KDYH WR RSHQ PXOWLSOH WDEV WR NHHS WUDFN RI WKH EDVLF LQIRUPDWLRQ WKH\
QHHG WR VROYH WKH SUREOHP ॡLV LV DFKLHYHG E\ XVLQJ D FXVWRP YLHZ PRGH DQG D FXVWRP
WHPSODWH IRU UHQGHULQJ WKH VROXWLRQ HQWU\ IRUP ॡH QHZ ۞+QMi2Mi۟ YLHZPRGH SURGXFHV
RQO\ WKH FRQWHQW RI WKH SUREOHP ZLWKRXW WKH SHUSKHUDO IHDWXUHV WKDW DSSHDU ZKHQ WKH
SUREOHP LV UHQGHUHG DV D ZHESDJH
%\ IROORZLQJ WKH OLQNV WR WHFKQLFDO WHUPV XVHG LQ WKH SUREOHP KHUH WR 3ODQHW0DWK۟V
DUWLFOHV RQ ۢUDGLXV RI FRQYHUJHQFH ۣ ۢDQDO\WLF VHW ۣ DQG ۢDQDO\WLFDO FRQWLQXDWLRQۣ WKH XVHU
FDQ UHPLQG KLP RU KHUVHOI RI WKH GHਖ਼QLWLRQV ,Q WKH IXWXUH ZH FRXOG GR PXFK EH॔HU
E\ JHQHUDWLQJ D ۢFRXUVH SDFNHWۣ RQ WKH ਗ਼\ WR DVVLVW WKH SUREOHP VROYHU ॡH ODWHVW YHU
VLRQ RI 11H[XV HPEHGV 5')D LQWR OLQNV ZKLFK PDNHV WKH FRQQHFWLRQV EHWZHHQ SDJHV
∗?iiT,ffKTXKi?r2#XQ`;f

i 6\VWHP ZDONWKURXJK
)LJXUH  6ROYLQJ D SUREOHP
H[SOLFLW WKH UHOHYDQW LQIRUPDWLRQ IRU EXLOGLQJ WKLV VRUW RI RQWKHਗ਼\ FRXUVH SDFNHW LV QRZ
DYDLODEOH YLD D 63$54/ TXHU\∗ +RZHYHU WR GHOLYHU JRRG UHVXOWV LW ZLOO EH LPSRUWDQW WR
GHYHORS EH॔HU VWUDWHJLHV IRU 11H[XV WR XVH WR VWHHU OLQNV DFFXUDWHO\ VLQFH WKHUH DUH R॑HQ
GL੘HUHQW GHਖ਼QLWLRQV IRU WKH VDPH WHUP VRPH RI WKHVH VWUDWHJLHV LQFOXGH VWHHULQJ EDVHG
RQ WKH 0DWKHPDWLFV 6XEMHFW &ODVVLਖ਼FDWLRQ HQWURS\EDVHG DSSURDFKHV DQG DGGLQJ PHFK
DQLVPV IRU XVHUV WR JLYH IHHGEDFN RQ PLVGLUHFWHG OLQNVۦ ,PSURYLQJ 11H[XV۟V DFFXUDF\
LV FXUUHQWO\ D ZRUN LQ SURJUHVV *LQHY 	 &RUQHOL  ,Q WKH HYHQW WKDW D SUREOHP LV
VWLOO WRR KDUG WR VROYH WKH XVHU FDQ DVN D TXHVWLRQ YLD RQH RI WKH LQWHUDFWLRQV R੘HUHG LQ
)LJXUH  ॡLV LV LQ OLQH ZLWK WKH H[DPSOH XVH FDVH IRU FRPELQHG SHHU OHDUQLQJ DQG SHHU
SURGXFWLRQ ZRUNਗ਼RZV WKDW ZDV GHVFULEHG LQ )LJXUH  >i S @ /LQNV WR HDVLHU RU
KDUGHU UHODWHG SUREOHPV ZRXOG EH XVHIXO WR DGG DQG ZLWK PRUH PHWDGDWD IRU LQVWDQFH
WKH ۢPDWKHPDWLFDO GHSWKۣ RI WKH WHUPV XVHG LQ WKH SUREOHP >i S @ WKHVH WRR ZRXOG
EH D 63$54/ TXHU\ DZD\
$OWKRXJK DXWRPDWLFDOO\FUHDWHG UHDGLQJ OLVWV DQG SUREOHP VHWV DUH MXVW EH\RQG WKH
3ODQHWDU\ V\VWHP۟V FXUUHQW FDSDELOLWLHV ZH KDYH VWDEOH VXSSRUW IRU EXLOGLQJ WKHP PDQ
XDOO\ YLD WKH FROOHFWLRQV PHFKDQLVP
∗?iiTb,ff;Bi?m#X+QKfEq_*fTHM2i`vfBbbm2bfभबभ
ۦ?iiTb,ff;Bi?m#X+QKf/;BM2pfMM2tmbfBbbm2bfभम

&KDSWHU  ,PSOHPHQWDWLRQ
$ࡆHU XVHU LQWHUDFWLRQ
)LJXUH  3DUDGDWD WKDW VKRZV XS DV D XVHU ZRUNV WKHLU ZD\ WKURXJK D FROOHFWLRQ
$UWLFOHV SUREOHPV DQG RWKHU FRQWHQW FDQ EH DGGHG WR FROOHFWLRQV ZKLFK IXQFWLRQ DV
ۢSOD\OLVWVۣ IRU PDWK FRQWHQW $V LOOXVWUDWHG LQ )LJXUH  ZKHQ WKH XVHU ZRUNV WKHLU ZD\
WKURXJK WKH SUREOHPV LQ D JLYHQ FROOHFWLRQ SHUVRQDOL]HG PHWDGDWD RU PRUH SUHFLVHO\
SDUDGDWD >i S @ VKRZV XS LQ D ਖ਼HOG ODEHOHG ۢ0\ LQIR ۣ ,I DQRWKHU XVHU DGGV D UHYLHZ
IRU D FRQWULEXWHG VROXWLRQ WKLV LQIRUPDWLRQ ZLOO DSSHDU DV ZHOO
$OWKRXJK FROOHFWLRQV DUH MXVW RUGHUHG OLVWV WKH\ FDQ DOVR FRQWDLQ RWKHU FROOHFWLRQV
DOORZLQJ WKH XVHU WR FUHDWH DQG VKDUH D WUHHOLNH RXWOLQH RU PRUH JHQHUDO QHWZRUN VWUXF
WXUH RI SDWKV WKURXJK WKH FRQWHQW ॡHUH DUH QRW \HW DQ\ VSHFLਖ਼F 8, IHDWXUHV IRUPDQDJLQJ
VXEFROOHFWLRQV LQ 3ODQHW0DWK EXW RXU HDUO\ SURWRW\SH LQFOXGHG ۢ0DWKHPDWLFDOLNHۣ IROG
LQJ DQG XQIROGLQJ LQWHUDFWLRQV WR VKRZ DQG KLGH YDULRXV HOHPHQWV RQ WKH SDJH .RKOKDVH
HW DO  ॡLV ZRXOG PDNH WKH XVHU۟V LQWHUDFWLRQ ZLWK FRPSOH[ VWUXFWXUHV EXLOW XVLQJ
WKH VXEFROOHFWLRQV IDFLOLW\ PRUH LQWXLWLYH
$Q ۢH[SDQG DOOۣ IHDWXUH LV WKH REYLRXV QH[W VWHS VLQFH WKLV ZRXOG JLYH XVHUV DQ H[SH
ULHQFH FORVHU WR UHDGLQJ IDPLOLDU 3') GRFXPHQWV ॡLV FRXOG EH LPSOHPHQWHG XVLQJ WKH
FRQWHQW YLHZ PRGH GHVFULEHG LQ FRQQHFWLRQ ZLWK )LJXUH 

i 6\VWHP ZDONWKURXJK
)LJXUH  6HDUFK EHLQJ XVHG WR DGG LWHPV WR D FROOHFWLRQ
)LJXUH  VKRZV D FRPPRQ 8, WKDW LV XVHG IRU EXLOGLQJ FROOHFWLRQV DGGLQJ FRQWHQW
WR JURXSV DQG DOVR IRU D॔DFKLQJ DQVZHUV WR TXHVWLRQV ॡHVH LQWHUDFWLRQV ZHUH GHYHO
RSHG LQ WKH THM2iKi?nii+?#H2n+QMi2MiPRGXOH ॡH\ PDNH XVH RI G\QDPLF 'UXSDO
YLHZV WKDW DUH EXLOW XVLQJ IUHHWH[W VHDUFK ZKLFK LV SURYLGHG E\ 'UXSDO۟V LQWHJUDWLRQ
ZLWK $SDFKH 6ROU DQG WKH DVVRFLDWHG T+?2bQH`npB2rb PRGXOH∗ 2QO\ PLQRU FKDQJHV
ZHUH UHTXLUHG WR LQGH[ PDWKHPDWLFV GRFXPHQWV SURSHUO\ۦ EXW LQWHJUDWLRQ ZLWK D WUXO\
PDWKHPDWLFVDZDUH VHDUFK HQJLQH OLNH 0DWK:HE6HDUFK .RKOKDVH HW DO  UHPDLQV
IRU IXWXUH ZRUN
1HZ REMHFWV FDQ DOVR EH DGGHG WR D FROOHFWLRQ E\ DXWRFRPSOHWLQJ RQ WKH WLWOH LI WKH
WLWOH LV NQRZQ ۙ RU DGGHG LQ VLWX ZKLOH EURZVLQJ E\ XVLQJ WKH OLQN LQ WKH ۢ,QWHUDFWۣ ER[
LQGLFDWHG LQ )LJXUHV  DQG  1HZ ORFDOL]HG LQWHUDFWLRQV DUH HDV\ WR DGG VR IDU WKHUH
DUH FXVWRP LQWHUDFWLRQV GHਖ਼QHG IRU DUWLFOHV JURXSV SUREOHPV VROXWLRQV TXHVWLRQV DQG
FROOHFWLRQV ॡH ۢ,QWHUDFWۣ ER[ FDQ GLVSOD\ GL੘HUHQW FRQWHQWV IRU DXWKRUVRZQHUV DQG
RWKHU XVHUV DW WKH PRPHQW LW GRHV QRW GLVSOD\ DW DOO IRU QRQORJJHGLQ XVHUV
∗?iiTb,ff/`mTHXQ`;fT`QD2+ifT+?2bQH`npB2rb
ۦ?iiTb,ff/`mTHXQ`;fMQ/2fफलबऱबरप

&KDSWHU  ,PSOHPHQWDWLRQ
2Q DZKROH WKH SUREOHP VROYLQJ VXSSRUW LV GHVLJQHG ZLWK WKHVH FRUH IHDWXUHV LQ PLQG
ۨ $ ORZ ढRRU NH\ZRUGV ZLOO EH DXWRPDWLFDOO\ OLQNHG WR WKHLU GHਖ਼QLWLRQV ZKLFK
VKRXOG KHOS XVHUV JHW SDVW D ۢFROG VWDUWۣ LW LV DOVR HDV\ WR SDUWLFLSDWH MXVW E\ DVNLQJ
D TXHVWLRQ DQG
ۨ $ KLJK FHLOLQJ WKH FROOHFWLRQV IHDWXUH FDQ EH XVHG WR DVVHPEOH SUREOHP VHWV RU
ERRNV XVHUV FDQ H[SORUH DGYDQFHG WRSLFV DQG KHOS RWKHUV
ۨ 6XSSRUW IRU LQGHSHQGHQW VWXG\ %XLOWLQ DFWLYLW\ WUDFNLQJ FRQYH\V D VHQVH RI SHU
VRQDO SURJUHVV DQG DQ LQFUHDVLQJO\ ULFK FROOHFWLRQ RI PHWDGDWD DQG SDUDGDWD ZLOO
EH XVHIXO IRU UHFRPPHQGDWLRQV
ۨ 6XSSRUW IRU WHDFKHUV 7HDFKHUV ZLOO EH DEOH WR XVH WKH V\VWHP WR UXQ WKHLU RZQ
FRXUVHV ۙ FRPSDUH HDUOLHU FODVVURRP H[SHULPHQWV UXQ E\ 'DYLG 6PLWK  DQG
5REHUW 0LOVRQ  3ODQHWDU\ FDQ EH XVHG HLWKHU ۢDV D VHUYLFHۣ RQ 3ODQHW0DWK
RU GRZQORDGHG DQG IXUWKHU FXVWRPL]HG LQ D ORFDO LQVWDOODWLRQ HOVHZKHUH
(QKDQFH ॡH QHZ SUREOHP VROYLQJ IHDWXUHV LQ 3ODQHW0DWK3ODQHWDU\ GHYHORS ULFKHU
G\QDPLF UHODWLRQVKLSV EHWZHHQ REMHFWV DQG XVHUV E\ DGGLQJ WKH DELOLW\ WR EXLOG
VWUXFWXUH RQ WRS RI XVHUFRQWULEXWHG PDWHULDOV DQG E\PRGHOLQJ OHDUQLQJ SURJUHVV
2EVROHVFH ॡH FROOHFWLRQV IHDWXUH LV LQWHQGHG WR REVROHVFH SDSHUEDVHG SUREOHP VHWV
+RZHYHU ZLWK VRPH UHODWLYHO\ PLQRU HQKDQFHPHQWV LW FRXOG DOVR PDNH WH[WERRNV
REVROHWH 3ODQHW0DWK FRQWHQW LV IUHH DQG VKDUDEOH VR LW FDQ FOHDUO\ XQGHUFXW RWKHU
R੘HULQJV LQ SULFH )XUWKHUPRUH XQOLNH WH[WERRNV 3ODQHW0DWK FRPHV ZLWK SHHU
LQWHUDFWLRQ EXLOW LQ
5HWULHYH :KHUHDV D K\SHUWH[W HQF\FORSHGLD WHQGV WR EH ODE\ULQWKLQH >i S @ FRO
OHFWLRQV FDQ KHOS PDNH WKH SURJUHVVLYH GLPHQVLRQ RI OHDUQLQJ PRUH H[SOLFLW ॡH\
UHVWRUH WKH VHQVH RI OLQHDU RUGHU WKDW LV IDPLOLDU IURP SUREOHP VHWV WH[WERRNV DQG
VWDWH PDWKHPDWLFV FXUULFXOD
5HYHUVH $V 3ODQHW0DWK EXLOGV D PRUH FRPSOHWH FDWDORJ RI SUREOHPV FROOHFWLRQV DQG
VROXWLRQV ZH DFFXPXODWH D PDFKLQHUHDGDEOH DUFKLYH RI VROXWLRQ VWUDWHJLHV DQG
OHDUQLQJ SDWKZD\V ॡLV DUFKLYH FRXOG SRWHQWLDOO\ EH XVHG E\ DUWLਖ਼FLDO DJHQWV
ZRUNLQJ RQ PDWKHPDWLFV SUREOHPV 2QH DSSOLFDWLRQ RI VXFK D V\VWHP ZRXOG EH
WR VXSSRUW WKH GHYHORSPHQW RI D NQRZOHGJHULFK LQWHOOLJHQW PDWKHPDWLFV WXWRULQJ
V\VWHP 5DWKHU WKDQ XVHUV WHDFKLQJ WKH V\VWHP E\ DGGLQJ DQG VWUXFWXULQJ FRQWHQW
WKH V\VWHP ZRXOG EH DFWLYHO\ HQJDJHG LQ WHDFKLQJ XVHUV

i 6\VWHP ZDONWKURXJK
)LJXUH  $GGLQJ D TXHVWLRQ
 0RWLYDWH XVHUV WR FRQWULEXWH SUREOHPV DQG GLVFXVV VROXWLRQV
)LJXUH  VKRZV D TXHVWLRQ WKDW LV EHLQJ DGGHG ۢLQ FRQWH[Wۣ ۙ WKH XVHU ZRXOG KDYH
JR॔HQ KHUH E\ FOLFNLQJ RQ WKH ۢ$VN D TXHVWLRQۣ 8, HOHPHQW WKDW DSSHDUV LQ WKH VLGHEDU
RQ DUWLFOHV SUREOHPV FROOHFWLRQV DQG VROXWLRQV ॡH XVHU FDQ DOVR DVN D TXHVWLRQ ZLWK
RXW VSHFLI\LQJ WKH FRQWH[W E\ XVLQJ WKH ۢ$GG FRQWHQWۣ PHQX LWHP IURP WKH OH॑ VLGHEDU
GLUHFWO\ LQ WKLV FDVH WKH ۢ&RQWH[Wۣ ਖ਼HOG LV KLGGHQ IURP WKH 8, DQG LV OH॑ EODQN ZKHQ WKH
XVHU SUHVVHV ۢVDYHۣ
ॠHVWLRQV IURP DFURVV WKH VLWH VKRZ XS LQ D VSHFLDOSXUSRVH IHHG∗ ॡLV LV RQH SODFH
ZKHUH ZH GHSOR\ D 'UXSDO YLHZ 9LHZV R੘HU WKH SRVVLELOLW\ IRU UHODWLYHO\ VWUDLJKWIRUZDUG
WKHPLQJ :LWK PRUH ZRUN ZH ZRXOG EH DEOH WR UHSURGXFH PDQ\ RI WKH VDPH IHDWXUHV
IURP 6WDFN([FKDQJH RU LWV H[LVWLQJ RSHQ VRXUFH FORQH 264$ۦ
6RPH TXHVWLRQV ZLOO EH XVHIXO VWXGHQWOHYHO H[HUFLVHV OLNH WKH SUREOHPV GLVFXVVHG
DERYH EXW PDQ\ FDQ EH WKRXJKW RI DV SUREOHPV RI H[SRVLWLRQ DQG ZLOO VXJJHVW LPSURYH
PHQWV WR WKH HQF\FORSHGLD $V ZLWK RWKHU 3ODQHW0DWK GDWD W\SHV TXHVWLRQV DUH GLVFXVV
DEOH DQG FDQ KDYH FRPPHQWV D॔DFKHG ۙ KRZHYHU DQVZHUV DUH VXSSRVHG WR EH SUHVHQWHG
LQ HQF\FORSHGLD DUWLFOHV DV ZLOO EH LOOXVWUDWHG VKRUWO\
∗?iiT,ffTHM2iKi?XQ`;f[m2biBQMb
ۦ?iiT,ffrrrXQb[XM2if

&KDSWHU  ,PSOHPHQWDWLRQ
)LJXUH  &XUUHQW TXHVWLRQV DSSHDU LQ FRQWH[W
$V GHSLFWHG LQ )LJXUH  LI D TXHVWLRQ LV DVNHG LQ FRQWH[W D OLQN WR WKH TXHVWLRQ VKRZV
XS LQ WKH ULJKWKDQG VLGHEDU IRU HYHU\RQH EURZVLQJ WKH UHOHYDQW REMHFW DV D ۢ&XUUHQW
TXHVWLRQۣ 1HZ TXHVWLRQV DOVR VKRZ XS LQ WKH OH॑KDQG VLGHEDU DORQJ ZLWK RWKHU UHFHQW
DFWLYLW\ DQG WKLV LV SHUVLVWHG DFURVV WKH VLWH SURYLGLQJ D IRUP RI OLJKWZHLJKW IUHH DGYHU
WLVLQJ IRU XVHUV ZKR FRQWULEXWH TXHVWLRQV
8VLQJ PRUH UHਖ਼QHG QRWLRQV RI FRQWH[W ZH FRXOG DGDSW WKLV PRGHO VR WKDW UHFHQW
DFWLYLW\ ZRXOG VKRZ XS VRUWHG E\ 06& WRSLF $V ZH VKDOO VHH LQ &KDSWHU  WKHUH DUH
PDQ\ UHDVRQV WR UHFRQVLGHU 3ODQHW0DWK۟V FXUUHQW RULHQWDWLRQ WRZDUGV RQO\ WKH PRVW
JOREDO DQG PRVWORFDO FRQWH[WV
$OWKRXJK FRQWH[WXDO TXHVWLRQV VHUYH D VLPLODU IXQFWLRQDO UROH WR WKDW RI FRUUHFWLRQV
WKH\ DUH PHDQW WR DSSHDO WR D PRUH QDLYH UHDGHU $ ਗ਼RZ RI QDLYH TXHVWLRQV PD\ D YHU\
JRRG ZD\ WR ਖ਼QG DQG DGGUHVV ਗ਼DZV LQ H[SRVLWLRQ ॡLV LV FRQVLVWHQW ZLWK WKH YLHZ WKDW
ۢWKH EHVW ZD\ WR OHDUQ LV WR WHDFKۣ /XN 	 :DQJ  $Q\ FRQVWUXFWLYH UHDGHU LQWHUDF
WLRQ VKRXOG KHOS WR HQKDQFH TXDOLW\ ۢDW WKH ERXQGDU\ۣ RI DXWKRUFRQWUROOHG DUWLFOHV FI
>i S @

i 6\VWHP ZDONWKURXJK
)LJXUH  0DNLQJ LPSURYHPHQWV WR WKH HQF\FORSHGLD ZKHQ DQVZHULQJ D TXHVWLRQ
$V PHQWLRQHG DERYH LQ WKH TXHVWLRQ DQVZHULQJ PRGHO GHSOR\HG RQ 3ODQHW0DWK DOO
DQVZHUV DUH VXSSRVHG WR EH VXSSOLHG LQ HQF\FORSHGLD DUWLFOHV :KHQ D FRQWULEXWRU LQGL
FDWHV WKDW WKH\ ZRXOG OLNH WR DQVZHU D TXHVWLRQ WKH\ DUH SUHVHQWHG ZLWK DQ LQWHUIDFH
OLNH WKH RQH LQ )LJXUH  ॡLV LV WKH LQWHUIDFH IURP WKH THM2iKi?nii+?#H2n+QMi2Mi
PRGXOH VLPLODU WR ZKDW ZDV VKRZQ LQ )LJXUH  $GGLWLRQDO H[SODQDWRU\ WH[W DQG D OLQN
DUH SUHVHQWHG ZKHQ WKH XVHU LQGLFDWHV WKDW WKH\ ZDQW WR DQVZHU D TXHVWLRQ
ࡍH ZD\ TXHVWLRQ DQVZHULQJ ZRUNV DURXQG KHUH LV WKDW DQVZHUV DUH IRXQG LQ HQF\FOR
SHGLD DUWLFOHV ,I \RX FDQڥW डQG DQ H[LVWLQJ DUWLFOH WKDW DQVZHUV WKH TXHVWLRQ XVLQJ WKH
WRROV EHORZ \RX FDQ FUHDWH RQH DQG LW ZLOO EH DXWRPDWLFDOO\ DࡉDFKHG DV WKH DQVZHU
ZKHQ LWڥV VDYHG
THM2iKi?nii+?#H2n+QMi2Mi PRGXOH HPSKDVLV LQGLFDWHV K\SHUOLQN
ॡH DQVZHUHU FDQ HLWKHU SRLQW WR DQ H[LVWLQJ DUWLFOH DQG DGG D EULHI PHPRUDQGXP
WR WKH UHDGHU ۙ RU DGG D QHZ DUWLFOH ,Q SUDFWLFH PDQ\ XVHUV VHHPHG WR ਖ਼QG WKLV DVSHFW
RI WKH LQWHUDFWLRQ FRQIXVLQJ &RQWULEXWHG TXHVWLRQV ZHUH R॑HQ DQVZHUHG LQ FRPPHQWV
D॔DFKHG WR WKH TXHVWLRQ UDWKHU WKDQ E\ FRQQHFWLQJ WKH TXHVWLRQ WR DUWLFOHV ॡLV GRHV
QRW LPPHGLDWHO\ LQYDOLGDWH WKH LGHD RI XVLQJ TXHVWLRQV WR LPSURYH WKH HQF\FORSHGLD EXW
GRHV VXJJHVW WKDW WKH ZRUNਗ਼RZ ZLOO QHHG WR EH VWUHDPOLQHG $V DQRWKHU DSSURDFK RQH
WKDW LV SDUWLFXODUO\ LQWHUHVWLQJ LQ OLJKW RI WKH IDFW WKDW D KLJKO\H੘HFWLYH ZRUNਗ਼RZ UHODWHG
WR TXHVWLRQ DQVZHULQJ DOUHDG\ H[LVWV RQ VLWHV OLNH PDWKVWDFNH[FKDQJHFRP DQG 0DWK
2YHUਗ਼RZ YDULRXV LQWHJUDWLRQV ZLWK WKHVH VLWHV PD\ EH ZRUWK SXUVXLQJ )RU H[DPSOH LW
VKRXOG EH SRVVLEOH WR GHYHORS PDFKLQH OHDUQLQJ WHFKQLTXHV WKDW SURYLGH DXWRPDWHG RU
VHPLDXWRPDWHG PHDQV RI FRQQHFWLQJ TXHVWLRQV DQG DQVZHUV WR UHOHYDQW DUWLFOHV

&KDSWHU  ,PSOHPHQWDWLRQ
(QKDQFH :LWK WKH LQWURGXFWLRQ RI DQ H[SOLFLW ۢTXHVWLRQۣ REMHFW WH[WV FRQWULEXWHG WR
WKH VLWH VWDUW WR EHFRPH PRUH H[SOLFLWO\ W\SHG ॡLV PRYHV LQ WKH GLUHFWLRQ RI WKH
RQWRORJLHV IRU DUJXPHQWDWLRQ GHYHORSHG E\ &KULVWRSK /DQJH /DQJH HW DO 
/DQJH  &KDSWHU 
2EVROHVFH ॠHVWLRQV PD\ FRQWULEXWH WR REVROHVFLQJ WKH ROG FRUUHFWLRQV PHFKDQLVP DW
OHDVW LQ SDUW ॡH TXHVWLRQDQVZHULQJ PHFKDQLVP PDNHV WKH H[SOLFLW SRLQW WKDW
XQFOHDU DVSHFWV RI RQH DUWLFOH PD\ EH H[SODLQHG EH॔HU LQ DQRWKHU ॡH TXHVWLRQ
PHFKDQLVP DOVR GLUHFWO\ REVROHVFHV WKH ROG ۢUHTXHVWVۣ PHFKDQLVP IURP 3ODQHW
0DWK1R¸VSKHUH ۙ ROG UHTXHVWV DUH PDSSHG LQWR WKH QHZ V\VWHP DV D TXHVWLRQ
VXEW\SH
5HWULHYH 8QOLNH RWKHU 4	$ VLWHV ZLNL GLVFXVVLRQ SDJHV RU WKH FRPELQDWLRQ RI 4	$
ZLWK ZLNLV WKLV V\VWHP FRXSOHV TXHVWLRQV FORVHO\ ZLWK FRQWHQW ॡLV UHVWRUHV D
VSLULW RI FDPDUDGHULH WR WKH SURFHVV RI DGGUHVVLQJ XVHU FRQFHUQV DQG SRLQWV LQ
WKH GLUHFWLRQ RI FROODERUDWLYH 5	' LQVWHDG RI VLPSO\ 4	$ ,Q VKRUW LW UHWULHYHV D
UREXVW VHQVH RI ۢ:H ۣ &RPSDUH 7DEOH  >i S @
5HYHUVH 2QFH PDQ\ TXHVWLRQV KDYH EHHQ DVNHG DQG DQVZHUHG WKHUH ZLOO EH OHVV UHDVRQ
WR DVN TXHVWLRQV DQHZ VLQFH WKH ROG DQVZHUV FDQ MXVW EH UHDG ,I SXVKHG IDU HQRXJK
WKH TXHVWLRQDQVZHULQJ WRRO ZLOO SURGXFH D VHW RI YHU\ FOHDU H[SRVLWLRQV LQ WKH
IRUP RI UHSHDWDEOH LQVWUXFWLRQ VHWV 0RUH DVSHFWV RI WKH PDWKHPDWLFDO H[SHULHQFH
ZRXOG EHFRPH DOJRULWKPDWLF ۙ FRPSDUDEOH SHUKDSV WR VHZLQJ SD॔HUQV FRRNLQJ
UHFLSHV RU GULYLQJ GLUHFWLRQV
 6XSSRUW PDWKHPDWLFDO PHDQLQJ PDNLQJ
7ZR QHZ IHDWXUHV RI 3ODQHWDU\ DUH SDUWLFXODUO\ JHDUHG WRZDUGV PHDQLQJ PDNLQJ $
QHZ JDOOHU\ DOORZV XVHUV WR VKDUH LPDJHV EHWZHHQ DUWLFOHV )RUPHUO\ LQ 1R¸VSKHUH
HDFK DUWLFOH KDG LWV RZQ ۢਖ਼OH ER[ ۣ WR ZKLFK LPDJHV FRXOG EH DGGHG ॡLV ZDV XVHIXO IRU
DGGLQJ LPDJHV WR LQGLYLGXDO DUWLFOHV EXW LW GLG QRW SURYLGH D FHQWUDO SODFH IRU OHDUQLQJ
DERXW DQG GLVFXVVLQJPDWKHPDWLFDO LPDJHV $V QRWHG E\ OHJDF\ XVHUV )LJXUH  PDNLQJ
WKHVH LPDJHV FDQ EH TXLWH D FKDOOHQJLQJ SURFHVV R॑HQ LQYROYLQJ FXVWRP VFULSWLQJ RU
SURJUDPPLQJ ॡH FXUUHQW JDOOHU\ SURYLGHV WKH HDUO\ EHJLQQLQJ RI D VWUDWHJ\ WR DGGUHVV
WKHVH LVVXHV *URXSV DQG FROOHFWLRQV DUH LQWHQGHG WR DGGUHVV VHYHUDO DVSHFWV RI PHDQLQJ
PDNLQJ WKDW ZHUH LGHQWLਖ਼HG LQ WKH UHVHDUFK OLWHUDWXUH ,Q VKRUW FROOHFWLRQV DUH XVHIXO IRU
VWUXFWXULQJ FRQWHQW ZKLOH JURXSV DUH XVHIXO IRU VWUXFWXULQJ DFWLYLWLHV 3ODQHWDU\ LQFOXGHV
WKUHH NLQGV RI JURXSV WHDPV EXGG\ OLVWV DQG FRDXWKRU JURXSV *URXSV SURYLGH D PRUH
LQWXLWLYH ZD\ WR FRQWURO SHUPLVVLRQV WKDQ 1R¸VSKHUH۟V ROG 81,;OLNH $FFHVV &RQWURO
/LVWV ۙ DQG WKH\ DOVR JLYH D SODWIRUP RQ ZKLFK WR FRQWLQXH EXLOGLQJ IHDWXUHV WKDW R੘HU
LPSURYHG VXSSRUW IRU RUJDQL]LQJ DURXQG VKDUHG LQWHUHVWV

i 6\VWHP ZDONWKURXJK
)LJXUH  *URXSV ZRUNढRZ D WHDPڥV VKDUHG FRQWHQW
)LJXUH  VKRZV D WHDP۟V FRQWHQW $Q\ FRQWHQW WKDW LV DGGHG WR D WHDP LVPDGH HGLWDEOH
E\ DOO RI WKDW WHDP۟V PHPEHUV ۙ FRQWHQW FDQ RQO\ EH DGGHG WR D JURXS E\ VRPHRQH ZKR
DOUHDG\ KDV HGLWLQJ SHUPLVVLRQV %XGG\ OLVWV DUH VLPLODU ॡH PHPEHUV RI DQ LQGLYLGXDO۟V
EXGG\ OLVW KDYH ZULWH DFFHVV WR DOO RI KLV RU KHU DUWLFOHV 2SWLRQDOO\ D WHDP FDQ EH JLYHQ
DFFHVV LQVWHDG RI D OLVW RI LQGLYLGXDOV ,Q SDUWLFXODU LI D XVHU ZDQWV WR JLYH HYHU\RQH
DFFHVV WR WKHLU DUWLFOHV WKH\ FDQ GHVLJQDWH WKH :RUOG :ULWHDEOH WHDP DV WKHLU EXGG\ OLVW
&RDXWKRU JURXSV DUH VSHFLਖ਼HG RQ D SHU DUWLFOH EDVLV 3HUPLVVLRQ WR HGLW DQ DUWLFOH
JUDQWHG YLD RQH RI WKH PHFKDQLVPV GHVFULEHG DERYH GRHV QRW DXWRPDWLFDOO\ PDNH \RX D
ۢFRDXWKRUۣ DOWKRXJK DOO HGLWV DUH UHFRUGHG LQ WKH DUWLFOH۟V UHYLVLRQ KLVWRU\ ॡLV DOORZV
WUXVWHGPHPEHUV RI D EXGG\ OLVW RU WHDP WRPDNH VPDOO FRUUHFWLRQV ZLWKRXW DVVXPLQJ IXOO
FRDXWKRU VWDWXV *URXSV ZHUH LPSOHPHQWHG XVLQJ 'UXSDO۟V 2UJDQLF *URXSV PRGXOH∗
9DULRXV GHVLUDEOH HQKDQFHPHQWV OLNH SHUJURXS IRUXPV DQG PDLOLQJ OLVWV DUH DYDLODEOH
DV FRQWULEXWHG PRGXOHV EXW DUH QRW DOZD\V ZHOO VXSSRUWHG 'UXSDO &RPPRQV LV D VXLWH
RI PRGXOHV DOVR XVLQJ Q; WKDW FRXOG SURYLGH IXUWKHU HQKDQFHPHQWV RU LQVSLUDWLRQۦ
∗?iiTb,ff/`mTHXQ`;fT`QD2+ifQ;
ۦ?iiTb,ff/`mTHXQ`;fT`QD2+if+QKKQMb

&KDSWHU  ,PSOHPHQWDWLRQ
)LJXUH  $ SDJH IURP WKH QHZ LPDJH JDOOHU\
)LJXUH  VKRZV D SDJH IURP WKH QHZ LPDJH JDOOHU\ ॡH ORRN DQG IHHO LV FXUUHQWO\
TXLWH EDVLF LQ IDFW WKH JDOOHU\ LV LPSOHPHQWHG DV DQRWKHU 'UXSDO YLHZ ,QGLYLGXDO LPDJHV
FDQ EH LQFOXGHG LQ DUWLFOHV ZLWK WKH /$7(; $BM+Hm/2;`T?B+b FRPPDQG :KHQ LQFOXG
LQJ DQ LPDJH LQ DQ DUWLFOH /$7(;0/ DOVR GHSRVLWV 5')D LQWR WKH SDJH WR LQGLFDWH WKH
LQFOXVLRQ UHODWLRQ WR GRZQVWUHDP SURFHVVHV ,Q JHQHUDO 5')D LV XVHIXO ZKHQ ZH QHHG
H[SOLFLWO\ ZRUNZLWK VHPDQWLF GHWDLOV RI XVHUFRQWULEXWHGPDWHULDOV WKDW ZRXOG RWKHUZLVH
UHPDLQ KLGGHQ LQ WH[W 7R LOOXVWUDWH RQH SRWHQWLDO DSSOLFDWLRQ 6LQFH ZH NQRZZKLFK DUWL
FOHV XVH D JLYHQ LPDJH LW ZRXOG EH SRVVLEOH WR EULQJ XS LPDJHV LQ VHDUFK UHVXOWV E\ XVLQJ
WKH WH[WV IURP WKH DUWLFOHV WKDW LQFOXGH D JLYHQ LPDJH DV D VRXUFH RI LQGH[ WHUPV LQ WKH
VHDUFK HQJLQH $ FRQWHQWIRFXVHG QH[W VWHS ZRXOG EH WR HQKDQFH LPDJHV ZLWK LQVWUXF
WLRQV RQ KRZ WR JHQHUDWH WKH LPDJH WKLV LV RQH SODFH ZKHUH D ODUJH VHW RI H[DPSOHV
ZRXOG EH YHU\ XVHIXO 6RPH UHFHQW WKLQNHUV RQ PDWKHPDWLFV HGXFDWLRQ KDYH SURSRVHG
WR H[SDQG WKH W\SLFDO DFURQ\P ۢ67(0ۣ 6FLHQFH 7HFKQRORJ\ (QJLQHHULQJ DQG 0DWKH
PDWLFV WR ۢ67($0ۣ 6FLHQFH 7HFKQRORJ\ (QJLQHHULQJ $UWV DQG 0DWKHPDWLFV 5REH
OHQ  ॡH FXUUHQW JDOOHU\ LV D PRGHVW IRUD\ LQWR WKLV VSDFH ,W LV DOVR D SURWRW\SH
IRU RWKHU NLQGV RI ۢVKDUHGۣ REMHFWV IRU LQVWDQFH D FHQWUDOL]HG ELEOLRJUDSK\ WKDW ZRXOG
LQFOXGH FLWDWLRQV IURP DFURVV WKH ZHEVLWH LQ RQH GDWDEDVH

i 6\VWHP ZDONWKURXJK
(QKDQFH *URXSV DUH GHVLJQHG WR KHOS SHRSOH RUJDQL]H DFFRUGLQJ WR WKHLU LQWHUHVWV ॡH
QRWLRQ LV WKDW LW ZLOO EH HDVLHU WR LQWHJUDWH XVHU FRQWULEXWLRQV WR VPDOOHU GRPDLQV
ZLWK WKH EHQHਖ਼W RI VXSSRUW IURP ORFDO H[SHUWV ॡH JDOOHU\ RU VXEVHTXHQW H[WHQ
VLRQV DUH DQDORJRXV LQVRIDU DV LPDJHV WKDW DUH VKDUHG EHWZHHQ DUWLFOHV EHFRPH D
SODFH WR RUJDQL]H IXUWKHU ZRUN
2EVROHVFH *URXSV SDUWLDOO\ REVROHVFH RU DW OHDVW PDNH LQFUHDVLQJO\ UHGXQGDQW 3ODQHW
0DWK۟V IURQW SDJH ZLWK LWV VWUHDP RI SRVWV IURP DFURVV WKH VLWH 5HODWLYH WR PRVW
VSHFLਖ਼F JRDOV DFWLYLW\ RQ D SHUJURXS RU SHUWRSLF OHYHO LV OLNHO\ WR EH PRUH FRKHU
HQW DQG LQ WKDW VHQVH PRUH PHDQLQJIXO
5HWULHYH *URXSV R੘HU WKH VHQVH RI D VXEV\VWHP WKDW LV VPDOOHU WKDQ WKH ZKROH EXW
ODUJHU WKDQ WKH LQGLYLGXDO ॡH DLP ZLWK IHDWXUHV OLNH WKLV LV WR UHWULHYH D PHDQLQJ
IXO VHQVH RI UHODWLRQVKLS RU HYHQ FRPPXQLW\
5HYHUVH ,I JURXSV EHFRPH VWURQJ LQ WKHLU RZQ ULJKW PRUH WKDQ EULQJLQJ SHRSOH WRJHWKHU
WKH\ FRXOG LQVWHDG EUHDN XS LQWR OL॔OH EDONDQL]HG LVODQGV
 6XSSRUW EHKDYLRU WUDFNLQJ DQG VHPDQWLF PRGHOLQJ
ॡH UHDGHU ZLOO QRWH WKDW WKH ۢJRDOۣ DQG ۢVWUDWHJ\ۣ GDWD W\SHV SURSRVHG LQ )LJXUH 
ZHUH QRW LPSOHPHQWHG DV VSHFLਖ਼F GDWD W\SHV 2Q WKH RWKHU KDQG ZH۟YH EXLOW IHDWXUHV
WKDW JLYH XV WKH IRXQGDWLRQ IRU XQGHUVWDQGLQJ JRDOV DQG VWUDWHJLHV DV WKH\ DUH HPERGLHG
LQ JURXSV DQG FROOHFWLRQV ॡXV IRU LQVWDQFH SHUVRQDO JRDOV FRXOG EH GLUHFWO\ PRGHOHG
DV D FROOHFWLRQ RI ۢWKLQJV ,۟PZRUNLQJ RQۣ 3DUDGDWD EHJLQV WR FRQYH\ D VHQVH RI SURJUHVV
&ROOHFWLRQV FDQ DOVR EH XVHG WR VSHFLI\ D VKDUDEOH ORFDOL]HG OHDUQLQJ SURMHFW LQ WKH IRUP
RI D UHDGLQJ OLVW WKDW KHOSV EXLOG DQ XQGHUVWDQGLQJ RI D JLYHQ WRSLF 7HDPV DQG SURMHFWV
DORQJ ZLWK DQ DVVRFLDWHG GLYLVLRQ RI ODERU IRFXVHG ZLOO EH LPSRUWDQW LI VLWH FRQWULEXWRUV
DUH JRLQJ WR VXFFHVVIXOO\ FROODERUDWH WR EXLOG D ULFK SDUDJRJLFDO OHDUQLQJ HQYLURQPHQW
ॡLV SRLQW ZLOO EH GHYHORSHG LQ PRUH GHWDLO LQ &KDSWHU 
$W WKH OHYHO RI GRPDLQ PRGHOLQJ RQH SODFH WR EHJLQ LV ZLWK WKH 0DWKHPDWLFV 6XEMHFW
&ODVVLਖ਼FDWLRQ 06& LV D WD[RQRPLF GRPDLQ PRGHO IRU PDWKHPDWLFV 6LQFH WKH HDUO\
GD\V RI 3ODQHW0DWK LW KDV SURYLGHG D ZD\ WR EURZVH WKH VLWH۟V FRQWHQW ۢE\ VXEMHFWۣ 5H
LPSOHPHQWLQJ 3ODQHW0DWK۟V 06& EURZVHU ZDV DQ RSSRUWXQLW\ WR GHYHORS DQG GHPR DQ
LQWHJUDWLRQ EHWZHHQ 'UXSDO /$7(;0/ DQG WKH 9LUWXRVR WULSOH VWRUH /DQJH HW DO  D
ਖ਼UVW VWHS WRZDUG H[SRVLQJ PRUH RI 3ODQHW0DWK DV /LQNHG 2SHQ 'DWD ॡLV LQIUDVWUXFWXUH
LV QRW \HW LQWHJUDWHG ZLWK WKH VLWH۟V IHDWXUHV IRU EHKDYLRU WUDFNLQJ DOWKRXJK LW ZRXOG EH
GHVLUDEOH WR GR VR ॡLV DSSOLHV WR ERWK FROOHFWLRQOHYHO SDUDGDWD GHVFULEHG DERYH DQG WR
VLWHZLGH DFWLYLW\ WUDFNLQJ WKDW XVHV WKH mb2`TQBMib PRGXOH

&KDSWHU  ,PSOHPHQWDWLRQ
)LJXUH  8VHU KRPHSDJH VKRZLQJ FRQWULEXWHG FRQWHQW DQG WKH QHZ EXGG\ OLVW IHDWXUH
ॡH XVHU KRPHSDJH SURYLGHV D VLPSOH OLVWLQJ RI WKH XVHU۟V FRQWULEXWHG FRQWHQW )LJXUH
 ॡH XVHU۟V SULYDWH DUWLFOHV DUH RQO\ VKRZQ LI WKH SHUVRQ YLHZLQJ WKH XVHU SDJH LV
HLWKHU WKH XVHU WKDW WKH SDJH GHVFULEHV RU D VLWH DGPLQ %DVLF ELRJUDSKLFDO LQIRUPDWLRQ
DSSHDUV DW WKH ER॔RP RI WKH SURਖ਼OH SDJH LI WKH XVHU FKRRVHV WR VXSSO\ LW
ॡH XVHU KRPHSDJH LQFOXGHV OLQNV IRU PDQDJLQJ WKH XVHU۟V EXGG\ OLVW DV GHVFULEHG
DERYH ,W DOVR LQFOXGHV OLQNV IRU PDQDJLQJ ZDWFKHG SDJHV DQG IRU VHQGLQJ SULYDWH PHV
VDJHV ZKLFK DUH VXSSOLHG E\ WKH ri+?2` DQG T`Bpi2Kb; PRGXOHV UHVSHFWLYHO\∗ۦ ॡH
XVHU۟V VFRUH LV PDQDJHG YLD WKH mb2`TQBMibPRGXOH D VXPPDU\ RI SRLQWVFRULQJ DFWLYLWLHV
LV DYDLODEOH YLD WKH ۢ6FRUHۣ WDE RQ WKH XVHU SDJHۧ (GLWLQJ WKH XVHU SDJH JLYHV WKH XVHU
FRQWURO RYHU GHIDXOW VH॔LQJV WKDW GR QRW DSSHDU LQ WKLV VFUHHQVKRW LQFOXGLQJ FRQWURO RYHU
ZKHWKHU RU QRW 3ODQHWDU\ ZLOO XVH mb2`TQBMib WR WUDFN SDJH UHDGLQJ
6LQFH VRPH XVHUV KDYH FRQWULEXWHG KXQGUHGV RI DUWLFOHV D PRUH LGHDO V\VWHP ZRXOG
LQFOXGH WDEV WDJV DQG RWKHU PHFKDQLVPV IRU LQWHUDFWLYHO\ RUJDQL]LQJ FRQWULEXWHG FRQ
WHQW ॡLV ZRXOG KHOS XVHUV NHHS WUDFN RI DQG PDQDJH WKHLU FRQWULEXWHG PDWHULDO DQG
KHOS WKHP FRQWURO KRZ LW DSSHDUV WR RWKHUV
∗?iiTb,ff/`mTHXQ`;fT`QD2+ifri+?2`
ۦ?iiTb,ff/`mTHXQ`;fT`QD2+ifT`Bpi2Kb;
ۧ?iiTb,ff/`mTHXQ`;fT`QD2+ifmb2`TQBMib

i 6\VWHP ZDONWKURXJK
)LJXUH  7UDFNLQJ LQGLYLGXDO DFWLRQV ZLWK WKH mb2`TQBMib PRGXOH
)LJXUH  VKRZV RQH RI WKH SDJHV IURP WKH ۢ6FRUHۣ WDE ZKLFK FRQWDLQV D GHWDLOHG
EUHDNGRZQ RI WKH XVHU۟V FRQWULEXWLRQV WR WKH VLWH ,I WKH XVHU KDV QRW RSWHG RXW RI SDJH
WUDFNLQJ SDJH UHDGV ZLOO DSSHDU LQ WKH KLVWRU\ ZLWK D FRQWULEXWHG YDOXH RI ]HUR $VVLJQ
LQJ DQG DGGLQJ FXVWRP SRLQW YDOXHV WKDW FRUUHVSRQG WR SDUWLFXODU LQWHUDFWLRQV LV TXLWH
HDV\ ZLWK WKH mb2`TQBMib PRGXOH ZKLFK SURYLGHV D IXQFWLRQ H[SUHVVO\ IRU WKLV SXUSRVH
mb2`TQBMibnmb2`TQBMibTB
ॡLV UHFRUG LQFOXGHV DOO RI WKH VXEVWDQWLDO DFWLRQV RI WKH XVHUV LQ VRPH FDVHV JRLQJ
EDFN RYHU D GHFDGH DOWKRXJK SDJH UHDGV ZHUH QRW ORJJHG LQ 1R¸VSKHUH $GGLWLRQDO
LQWHUDFWLRQ ORJJLQJ SURYLGHV PRUH GDWD WKDW LV DPHQDEOH WR DQDO\VLV XVLQJ WHFKQLTXHV
IURP &KDSWHU  +RZHYHU WR EH XVHIXO ZLWKLQ WKDW IUDPHZRUN WKH GDWD QHHGV WR EH
VHSDUDWHG LQWR YHFWRUV VSHFLI\LQJ WKH ۢWUHDWPHQWۣ DQG WKH ۢH੘HFWۣ ॡLV DQDO\VLV FRXOG EH
PDGH HDVLHU LI DFWLYLWLHV ZHUH SDUWLWLRQHG LQWR PHDQLQJIXO ۢHSLVRGHVۣ UDWKHU WKDQ VLPSO\
FROOHFWHG LQWR D ODUJH ERG\ RI SRWHQWLDOO\ XQUHODWHG ZRUN :LWKRXW XVHU LQWHUYHQWLRQ
LGHQWLI\LQJ WKHPHDQLQJIXO HSLVRGHV DQG UHOHYDQW FDXVDO IDFWRUV UHPDLQV D UHVHDUFK WRSLF
DOWKRXJK LW LV RQH WKDW KDV EHHQ LQYHVWLJDWHG IRU VRPH WLPH FI )DUR 	 *LRUGDQR 
2QH LPPHGLDWHO\ XVHIXO LGHD DW WKH OHYHO RI XVHU LQWHUIDFH ZRXOG EH WR GLVSOD\ WKH KLVWRU\
RI LQWHUDFWLRQV YLVXDOO\ XVLQJ D PRGXOH OLNH iBK2HBM2 RU pB2rbniBK2HBM2Db∗ۦ
∗?iiTb,ff/`mTHXQ`;fT`QD2+ifiBK2HBM2
ۦ?iiTb,ff/`mTHXQ`;fT`QD2+ifpB2rbniBK2HBM2Db

&KDSWHU  ,PSOHPHQWDWLRQ
)LJXUH  %URZVLQJ DUWLFOHV YLD WKH 0DWKHPDWLFV 6XEMHFW &ODVVLडFDWLRQ
ॡH SULPDU\ VRXUFH RI WRSGRZQ VWUXFWXUH LQ 3ODQHW0DWK1R¸VSKHUH ZDV WKH 0DWKH
PDWLFV 6XEMHFW &ODVVLਖ਼FDWLRQ ॡLV V\VWHP KDV EHHQ UHSOLFDWHG LQ 3ODQHWDU\ EXW ZLWK D
QHZ EDFNHQG WKDW ZLOO DOORZ FRQVLGHUDEOH H[SDQVLRQ )LJXUH  VKRZV WKH XVHU EURZVLQJ
WKH HQF\FORSHGLD E\ VXEMHFW
)RU WKH 06& LPSOHPHQWDWLRQ ZH RSWHG QRW WR XVH 'UXSDO۟V EXLOWLQ VXSSRUW IRU WD[
RQRPLHV∗ EXW LQVWHDG XVHG WKH QHZ UHSUHVHQWDWLRQ RI WKH 06& DV D 6LPSOH .QRZOHGJH
2UJDQL]DWLRQ 6\VWHP 6.26 RQWRORJ\ /DQJH HW DO  VHUYHG E\ DQ LQVWDQFH RI WKH
9LUWXRVR WULSOH VWRUH WKDW ZH FRQQHFWHG WR 'UXSDO %URZVLQJ WKH 06& JHQHUDWHV SDJHV
DQG FRXQWV DUWLFOHV LQ YDULRXV FDWHJRULHV XVLQJ 63$54/ TXHULHV )LJXUH  VKRZV WKH FDW
HJRU\ ;; DQG WKH QXPEHU RI DUWLFOHV LQ HDFK RI LWV VXEFDWHJRULHV ॡH 6.26 YHUVLRQ
RI WKH 06& QRZ LQFOXGHV 0DWK0/ DQG PXOWLOLQJXDO FDWHJRU\ ODEHOV 6LQFH WKH 06& LV D
FRUH QDYLJDWLRQ IHDWXUH WKLV LV DQ LPSRUWDQW VWHS WRZDUGV HYHQWXDO LQWHUQDWLRQDOL]DWLRQ
RI WKH VLWH
'UXSDO VHUYHV SDJHV DV +70/5')D ZKHUH WKH 5')D ZH۟UH PRVW LQWHUHVWHG LQ LV
JHQHUDWHG E\ /$7(;0/ IURP WKH /$7(; VRXUFH FRGH ZKLFK LV IXUWKHU HQKDQFHG ZLWK OLQNV
E\ 11H[XV :KHQ SDJHV DUH VDYHG ZH UXQ D KRRN LQ WKH QHZ Tv`/7PRGXOH ZKLFK LV D
ZUDSSHU IRU D ORFDO LQVWDQFH RI WKH S\5')D GLVWLOOHUۦ ॡH GLVWLOOHG PHWDGDWD LV WKHQ VHQW
WR 9LUWXRVR ॡLV DOORZV WKH V\VWHP WR NHHS WUDFN RI ZKLFK SDJHV OLQN WR RQH DQRWKHU
ZKLFK DUWLFOHV LQFOXGH ZKLFK LPDJHV ZKLFK DUWLFOHV DUH LQ D JLYHQ FDWHJRU\ LQ WKH 06&
DQG WR NHHS WUDFN RI RWKHU SURYHQDQFHVW\OH PHWDGDWD OLNH DXWKRU DQG WLWOH
∗?iiTb,ff/`mTHXQ`;f/Q+mK2MiiBQMfKQ/mH2bfitQMQKv
ۦ?iiT,ffrrrXrभXQ`;fबपफबfTv_/7f

i 6\VWHP ZDONWKURXJK
8VLQJ D WULSOH VWRUH RSHQV WKH ZD\ WR FOHYHU ZD\V WR EURZVH DQG UHFRPPHQG FRQWHQW
IRU LQVWDQFH XVLQJ QHDUE\ 06& FDWHJRULHV WR ਖ਼QG UHODWHG SUREOHPV :H PD\ DOVR EH DEOH
WR XVH 11H[XV WR DVVLJQ06& FODVVHV WR RWKHUZLVH XQFODVVLਖ਼HG WH[WV OLNH IRUXP SRVWV DQG
FRQWULEXWHG SUREOHPV E\ FOXVWHULQJ WKH 06& FODVVHV RI WKH WH[W۟V WHFKQLFDO NH\ZRUGV
:H FRXOG WKHQ LQGH[ WKLV FRQWHQW LQ VXEMHFWVSHFLਖ਼F IHHGV RU D॔DFK UHODWHG IRUXP SRVWV
WR VLPLODU DUWLFOHV RU SUREOHPV DV D OLJKWZHLJKW UHFRPPHQGDWLRQ 2QH RI WKH NH\ LVVXHV
KHUH LV GLVDPELJXDWLRQ RI WHUPV ZLWK PXOWLSOH WHFKQLFDO GHਖ਼QLWLRQV FI 5DWLQRY 5RWK
'RZQH\ 	 $QGHUVRQ 
$V PHQWLRQHG DERYH FXUUHQWO\ TXLWH D ELW RI UHODWLRQDO PHWDGDWD DQG SDUDGDWD LV
PDLQWDLQHG LQ 'UXSDO DQG WKH XQGHUO\LQJ 0\64/ GDWDEDVH UDWKHU WKDQ WKH WULSOH VWRUH
ॡLV LQFOXGHV SHUVRQDO KLVWRU\ GDWD JDWKHUHG ZLWK WKH mb2`TQBMibPRGXOH DQG WKH K\SHU
WH[WXDO QHWZRUN RI LQWHUOLQNHG DUWLFOHV SUREOHPV DQG VROXWLRQV ॡLV DGGLWLRQDO GDWD ZLOO
HYHQWXDOO\ EH UHTXLUHG IRU LQIHUHQFH DQG UHFRPPHQGDWLRQ IDFLOLWLHV WKH DSSURDFK WDNHQ
E\ 0XOKROODQG HW DO  LV VLPLODU DQG UHOHYDQW FRGH IRU PRYLQJ GDWD WR DQG IURP WKH
WULSOH VWRUH FRXOG EH UHXVHG∗ۦ 2QFH ZH KDYH D ODUJH HQRXJK FROOHFWLRQ RI SUREOHPV ZLWK
LQGXFHG 06& FDWHJRULHV DQG GHSWKV ZH VKRXOG EH DEOH WR UHFRPPHQG HDVLHU RU KDUGHU
UHODWHG SUREOHPV WDNLQJ ERWK LQGLYLGXDO DQG DJJUHJDWH SDUDGDWD LQWR DFFRXQW >i S
@ ॡHVH PRGHOV FRXOG EXLOG RQ OLWHUDWXUH UHODWHG WR DGDSWLYH WHVWLQJ YDQ GHU /LQGHQ 	
*ODV  DQG WKH SV\FKRORJ\ RI WKH ۢJURZWK PLQGVHWۣ 'ZHFN 
(QKDQFH 0RUH H[SOLFLW REMHFW W\SHV WRJHWKHU ZLWK PRUH GDWD RQ XVHU LQWHUDFWLRQV DGGV
WR RXU DELOLW\ WR XVH GLDJQRVWLF WRROV OLNH WKH RQH GHVFULEHG LQ &KDSWHU  $GGL
WLRQDO XVHU GDWD DURXQG SUREOHP VROYLQJ DQG SHHU VXSSRUW FRXOG SURYLGH WKH EDVLV
IRU D GHWDLOHG VWXG\ RI OHDUQLQJUHODWHG H੘HFWV
2EVROHVFH 'HWDLOHG UHFRUGNHHSLQJ RQ 3ODQHW0DWK FRXOG SRWHQWLDOO\ REVROHVFH PHFKD
QLVPV OLNH WKH FRXUVH WUDQVFULSW RU OLVW RI SXEOLFDWLRQV $V D KLVWRU\ RI ZRUN WKH
GDWD ZH FDQ JDWKHU UHVROYHV WR D ਖ਼QHU OHYHO RI GHWDLO WKDQ HLWKHU RI WKHVH
5HWULHYH $V WKH V\VWHP JDWKHUV PRUH LQIRUPDWLRQ DERXW LQGLYLGXDO FRQWULEXWLRQV ZH
JDLQ D EH॔HU SLFWXUH RI ZKR RXU XVHUV DUH $ XVHU۟V LQWHUDFWLRQ KLVWRU\ VKRXOG
QRW VLPSO\ EH WKRXJKW RI LQ WHUPV RI SUHGHWHUPLQHG ۢEDGJHVۣ RU ۢDFKLHYHPHQWVۣ
,W SURYLGHV VRPHWKLQJ PRUH OLNH WKH LQGH[ WR D ODERUDWRU\ QRWHERRN FI %UDGOH\

5HYHUVH ,I DFWLYLW\ RQ 3ODQHW0DWK EHFRPHV UHLਖ਼HG DV D PHFKDQLVP IRU SURGXFLQJ YDOXH
ZH PD\ VHH IXUWKHU H੘RUW H[SHQGHG WRZDUGV PLQLQJ WKLV YDOXH D॑HU WKH PDQQHU
RI WKH FRPSXWDWLRQV WKDW GULYH WKH PDUNHW IRU %LWFRLQV
∗?iiTb,ff;Bi?m#X+QKf2FBH72i?2`fQT2M@biQ`vb+QT2
ۦ?iiTb,ff;Bi?m#X+QKfFKBf/2+BT?2`

&KDSWHU  ,PSOHPHQWDWLRQ
 3UHOLPLQDU\ V\VWHP HYDOXDWLRQ
$ XVHUIRFXVHG HYDOXDWLRQ RI WKH V\VWHP LV GHWDLOHG LQ WKH QH[W FKDSWHU KHUH WKH IRFXV
LV RQ WKH WHFKQLFDO DVSHFWV RI WKH V\VWHP LQ WKHLU RZQ ULJKW
:KHQ FRPSDUHG ZLWK 1R¸VSKHUH 3ODQHWDU\ LV PXFK HDVLHU WR LQVWDOO FRQਖ਼JXUH DQG
H[WHQG 'UXSDO۟V SURਖ਼OH VXEV\VWHP DOORZV 3ODQHWDU\ WR EH VHW XS ۢRXW RI WKH ER[ۣ DV D
FRXUVH PDQDJHPHQW WRRO RU DV WKH KRPH WR D ODUJHU 3ODQHW0DWKOLNH OHDUQLQJ FRPPX
QLW\ 'UXSDO۟V FRQWHQW PDQDJHPHQW IHDWXUHV OLNH WKH RQHV WKDW ZH۟YH XVHG WR EXLOG WKH
JURXSV FROOHFWLRQV DQG SUREOHP VHW ZRUNਗ਼RZV KHOS WR VHW 3ODQHWDU\ DSDUW IURP RWKHU
PDWKHPDWLFVFDSDEOH WRROV ,Q DGGLWLRQ WR GRFXPHQWDWLRQ JHQHUDWHG E\ RXU WHDP PDQ\
PHPEHUV RI WKH ZRUOGZLGH 'UXSDO GHYHORSHU FRPPXQLW\ DUH KDSS\ WR KHOS QHZ 'UXSDO
GHYHORSHUV ॡH IHDWXUHV ZH۟YH GHYHORSHG FDVW 3ODQHW0DWK۟V RULJLQDO PLVVLRQ ۙ WR EH ۢD
FHQWUDO UHSRVLWRU\ IRU PDWKHPDWLFDO NQRZOHGJH RQ WKH ZHE ZLWK D SHGDJRJLFDO VODQWۣ ۙ LQ
D QHZ OLJKW∗ 6HYHUDO OHJDF\ IHDWXUH UHTXHVWV KDYH EHHQ DGGUHVVHG LQ WKH SURFHVV ۙ DQG
ZRUN RQ RWKHUV LV LQ SURJUHVVۦ
2QH FRXOG DUJXH WKDW WKH FRPELQDWLRQ RI IHDWXUHV IURP RWKHU VLWHV HJ :LNLSHGLD
SOXV 6WDFN([FKDQJH FRXOG SURYLGH D V\VWHP ZLWK WKH VDPH IXQFWLRQDOLW\ DV 3ODQHW0DWK
7R VRPH DSSUR[LPDWLRQ WKDW LV FHUWDLQO\ WUXH ॡLV EHJV WKH TXHVWLRQ ZKDW EHQHਖ਼WV
GR ZH JHW IURP SX॔LQJ YDULRXV IHDWXUHV XQGHU RQH URRI ZLWK D SXUSRVHEXLOW V\VWHP"
ॡH SULPDU\ EHQHਖ਼W LV WKDW LQWHJUDWLYH IXQFWLRQV FDQ EH SHUIRUPHG PRUH HDVLO\ ॡLV LV
GHPRQVWUDWHG ZHOO ZLWK WKH QHZ FROOHFWLRQV IHDWXUH ,Q WKH IXWXUH LW ZRXOG EH D॔UDF
WLYH WR LQFUHDVLQJO\ LQWHJUDWH WKH SODWIRUP ZLWK ZKDW RWKHUV DUH GRLQJ HOVHZKHUH RQ WKH
LQWHUQHW )RU H[DPSOH 11H[XV FRXOG EH XVHG WR LQGH[ PDWKHPDWLFV EORJV DQG SURYLGH
D WRSLFVSHFLਖ਼F EORJUROO D॔DFKHG WR HDFK SDJH LQ 3ODQHW0DWK۟V HQF\FORSHGLD *LQHY 	
&RUQHOL  UHFDOO WKDW WKH XVXDO PHDQLQJ RI ۢSODQHWۣ RQ WKH EORJRVSKHUH LV SODQHWDV
DJJUHJDWRU
, ZRXOG FLWH WZR SDUWLFXODU SRLQWV RI GLਜ਼FXOW\ DVVRFLDWHG ZLWK XVLQJ 'UXSDO  DV WKH
EDVLV RI WKH QHZ VLWH
 'UXSDO LV NQRZQ WR KDYH D VWHHS OHDUQLQJ FXUYH ॡLV VORZHG RXU SURJUHVV DW WKH
VWDUW DQG VRPHWLPHV WKLQJV WKDW VKRXOG LQ WKHRU\ EH VLPSOH VWLOO HQGHG XS QRW
ZRUNLQJ DW DOO WKXV IRU H[DPSOH G\QDPLFDOO\ FKDQJLQJ PHQX LWHPV ZRXOG ZRUN
IRU D ZKLOH EXW WKHQ FUDVK WKH VLWH VR WKRVH IHDWXUHV KDG WR EH WXUQHG R৓
 :H KDG WR SDWFK 'UXSDOڥV FRUH ॡLV LV MXVWLਖ਼DEO\ ۢWDERRۣ DPRQJVW 'UXSDO SURJUDP
PHUV VLQFH LW PDNHV XSGDWLQJ WKH VLWH GLਜ਼FXOW EXW ZH QHHGHG D QHZ KRRN ?QQFn@
TQbinbp2 WR VXSSO\ RXU 5')D H[WUDFWRU ZLWK UHQGHUHG +70/5')D ZH DOVR
∗?iiT,ffTHM2iKi?XQ`;f?BbiQ`vX?iKH
ۦ?iiTb,ff;Bi?m#X+QKf?QHix2`KMMफऱfTHM2iKi?@/Q+bfBbbm2bfरब

i 6XPPDU\
QHHGHG WR PRGLI\ 'UXSDO۟V GDWDEDVH LQWHUIDFH WR DGG VXSSRUW IRU WKH FKDUDFWHUV
WKDW DUH QHHGHG WR GLVSOD\ PDWKHPDWLFDO V\PEROV
6RPH RI WKH WHFKQLFDO LVVXHV ZLOO EH UHVROYHG LQ 'UXSDO  ۙ EXW WKH V\VWHP GRHVQ۟W
VKRZ VLJQV RI EHFRPLQJ VLPSOHU WR OHDUQ /XFNLO\ WKH 3ODQHWDU\ GHYHORSHU WHDP KDV
DFFUXHG VLJQLਖ਼FDQW ZLVGRP VRPH RI ZKLFK FDQ EH SDVVHG DORQJ WR IXWXUH FRQWULEXWRUV
ॡHUH DUH VRPH ۢDGGRQVۣ IRU 'UXSDO WKDW DUH TXLWH KHOSIXO IRU GHYHORSPHQW ZRUN ۙ IRU
H[DPSOH 'UXSDO LV IXOO\ VFULSWDEOH YLD 'UXVK∗ DQG LW FDQ EH LQWHUDFWHG ZLWK XVLQJ D
5HDG(YDO3ULQW /RRS 5(3/ FDUH RI %RULVۦ
$V D PD॔HU RI EXLOGLQJ D XVDEOH V\VWHP WKDW FDQ DOVR EH WKH EDVLV IRU IXWXUH ZRUN WKH
SURMHFW KDV EHHQ D WHFKQLFDO VXFFHVV ॡHUH DUH PDQ\ SODFHV ZKHUH QHZ IHDWXUHV UDQJLQJ
IURP IRUPDW VKL॑LQJ WR UHVHDUFK RQ UHFRPPHQGHUV IRU OHDUQLQJ ZRXOG EH XVHIXO 3ODQH
WDU\ LV LQWHUHVWLQJ SDUWO\ EHFDXVH RI ZKDW LW PDNHV SRVVLEOH ۙ LQFOXGLQJ WKH XVHU VWXG\
SUHVHQWHG LQ WKH IROORZLQJ FKDSWHU ZKLFK ZLOO KHOS HYDOXDWH DQG EH॔HU XQGHUVWDQG WKH
SDUDJRJLFDO PRGHO HPERGLHG LQ 3ODQHW0DWK3ODQHWDU\ )XWXUH ZRUN RQ WKH V\VWHP ZLOO
SURJUHVV VXEMHFW WR GHPDQG $V RQH VPDOO H[DPSOH WKH DFWLYLW\ GDWD ZH VWRUH LV VLPLODU
WR WKH IRUPDW SURSRVHG LQ WKH $FWLYLW\6WUHDPV SURMHFW EXW XVHFDVHV IRU GRZQVWUHDP
FRQVXPSWLRQ RI GDWD DERXW DFWLYLWLHV RQ 3ODQHW0DWK DUH QRW \HW HQWLUHO\ FOHDU VR ZH
KDYH QRW \HW SXW H੘RUW LQWR VHUYLQJ ERQD ਖ਼GH $FWLYLW\ 6WUHDPVۧ :KHQ WKH XVH FDVH LV
WKHUH WKH V\VWHP LV UHDG\ WR DGDSW DFFRUGLQJO\
 6XPPDU\
ॡH 3ODQHWDU\ V\VWHP LV DQ H[WHQVLEOH RSHQ VRXUFH SODWIRUP IRU GRLQJ PDWKHPDWLFV
RQ WKH ZHE 3ODQHW0DWK ZKLFK ZDV SUHYLRXVO\ RULHQWHG DURXQG DXWKRULQJ DQG HGLWLQJ
D PDWKHPDWLFDO UHIHUHQFH ZRUN KDV EHHQ UHEXLOW XVLQJ WKH 3ODQHWDU\ SODWIRUP ॡH QHZ
V\VWHP KRVWV RQOLQH SUREOHP VROYLQJ LQWHUDFWLRQV LQ D NQRZOHGJHULFK ZLNLOLNH HQYL
URQPHQW 1HZ IHDWXUHV LQFOXGH FXVWRP FROOHFWLRQV ZKLFK FDQ EH XVHG WR EXLOG UHDGLQJ
OLVWV DQG LQWHUDFWLYH SUREOHP VHWV 3ODQHWDU\ UHFRUGV LQIRUPDWLRQ DERXW SUREOHP VROYLQJ
DQG RWKHU LQWHUDFWLRQV PDNLQJ LW D XVHIXO WRRO IRU OHDUQLQJ PRUH DERXW WKH ZD\ SHRSOH
OHDUQ PDWKHPDWLFV
:KLOH 3ODQHW0DWK1R¸VSKHUH FRQVLGHUHG ORJLFDO FRUUHFWQHVV HQF\FORSHGLF FRYHUDJH
DQG H[SRVLWRU\ TXDOLW\ WR EH PD॔HUV RI LPSRUWDQFH PDWKHPDWLFDO SUREOHP VROYLQJ GLG
QRW UHFHLYH H[SOLFLW D॔HQWLRQ ॡH LPSOHPHQWDWLRQ ZRUN SUHVHQWHG LQ WKLV FKDSWHU RSHQV
QHZ KRUL]RQV IRU WKH 3ODQHW0DWK FRPPXQLW\ ZLWK D IRFXV RQ UHOHYDQFH DQG XVHIXOQHVV
IRU D EURDGHU SRSXODWLRQ RI XVHUV ॡH GHYHORSPHQW ZRUN KDV EHHQ LQIRUPHG E\ FRQ
∗?iiT,ff/`mb?Xrbf/Q+bfb?2HHb+`BTibX?iKH
ۦ?iiTb,ff;Bi?m#X+QKfiQ#BbbDQbi2Mf#Q`Bb@HQ/2`
ۧ?iiT,ff+iBpBivbi`2XKb

&KDSWHU  ,PSOHPHQWDWLRQ
WDFW ZLWK V\VWHP XVHUV DQG VWDNHKROGHUV DQG E\ WKH WKHRU\ RI SDUDJRJ\ GHYHORSHG LQ
HDUOLHU FKDSWHUV $V D FRPSXWHU SURJUDP 3ODQHWDU\ PXVW IROORZ VWULFW UXOHV LI DQ\WKLQJ
PDWKHPDWLFV ۢLV PXFK OHVV IRUPDOO\ FRPSOHWH DQG SUHFLVHۣ ॡXUVWRQ  +RZHYHU
LWV H[SUHVVLYH WKLFNQHVV GHULYHV QRW IURP WKH IDFW WKDW DOO RI WKH VHPLFRORQV DUH LQ WKH
ULJKW SODFH DQG PRVW LI QRW DOO RI WKH FULWLFDO EXJV KDYH EHHQ HOLPLQDWHG ۙ DOWKRXJK WKLV
LV FHUWDLQO\ LPSRUWDQW ۙ EXW UDWKHU IURP WKH IDFW WKDW LW FDQ QRZ EH XVHG FULWLTXHG DQG
LPSURYHG
ॡH GLVFXVVLRQ RI VFUHHQVKRWV IUDPHG XVLQJ 0F/XKDQ۟V WHWUDG KHOSV WR DGG PHGLD
WKHRUHWLF GHSWK WR WKH GHVLJQ GLPHQVLRQV DQG XVHU GHVLGHUDWD GLVFXVVHG HDUOLHU LQ WKH
FKDSWHU ॡH VFUHHQVKRWV DUH LQ D ZD\ ਖ਼JXUDWLYH GHSLFWLRQV RI W\SLFDO PDWKHPDWLFDO
FRQWH[WV EXW ZLWK D GL੘HUHQFH ,Q RੜLQH PDWKHPDWLFV ZH DUH IDPLOLDU ZLWK VFUDWFK
SDSHU MRXUQDOV DQG EODFNERDUGV IRU EXLOGLQJ VKDULQJ DQG GLVFXVVLQJ PHQWDO PRGHOV
JUDGHERRNV WUDQVFULSWV DQG &9V IRU NHHSLQJ WUDFN RI SURJUHVV SUREOHP VHWV WH[WERRNV
DQG PRQRJUDSKV IRU RUJDQL]LQJ OHDUQLQJ PDWHULDOV DQG OLEUDULHV IRU EURZVLQJ H[LVWLQJ
PDWKHPDWLFDO ZRUNV 3ODQHWDU\ GRHV QRW UHSURGXFH WKHVH WHFKQRORJLHV ਗ਼DZOHVVO\ EXW
WKH SDUDOOHO RQOLQH FRQWH[W KDV WKH DGYDQWDJH RI EHLQJ FRQQHFWHG WR D UREXVW PHWDOHYHO
GLVFRXUVH DQG DQ RQJRLQJ SURFHVV RI WHFKQRORJLFDO FKDQJH ॡLV FKDSWHU KDV GHVFULEHG
WKH SURJUHVV IURP GHVLJQ HOHPHQWV WR ZRUNLQJ FRGH GHSOR\HG RQ D SXEOLF ZHEVLWH ॡH
QH[W FKDSWHU ZLOO H[SORUH WKH V\VWHP۟V XQGHUO\LQJ G\QDPLFV LQPRUH GHWDLO E\ H[DPLQLQJ
WKH XVHU H[SHULHQFH

 8VHU (YDOXDWLRQ
ࢋDOLWDWLYH क़QGLQJV IURP D XVHU VWXG\ DࢆHU WKH SXEOLF UHOHDVH RI WKH QHZ V\V
WHP GHPRQVWUDWH WKH IHDVLELOLW\ RI WKH SDUDJRJLFDO DSSURDFK ZKLOH VXJJHVWLQJ
D UDQJH RI LPSURYHPHQWV WR WKH VRࢆZDUH WKDW ZLOO EH QHHGHG IRU WKH SURMHFW WR
VXFFHVVIXOO\ VFDOH XS ڒ LQ SDUWLFXODU WKH IXUWKHU UHVWUXFWXULQJ RI 3ODQHW0DWKژV
DFWLYLWLHV LQWR ڛVXESURMHFWVڜ
 5HVHDUFK GHVLJQ
3ODQHWDU\ ZDV GHSOR\HG WR 3ODQHW0DWKRUJ RQ )HEUXDU\   ,Q $SULO , EHJDQ
UHFUXLWLQJ SDUWLFLSDQWV IRU D  GD\ VWXG\ RQ 3ODQHW0DWK )URP HPDLOV VHQW WR  DOO
WLPH WRSVFRULQJ DQG  RWKHU UHFHQWO\ DFWLYH 3ODQHW0DWK XVHUV , VXFFHVVIXOO\ UHFUXLWHG
WKUHH SHUVRQV , DOVR UHFUXLWHG WKUHH SRVWJUDGXDWH VWXGHQWV LQ PDWKHPDWLFV DW ॡH 2SHQ
8QLYHUVLW\ FRQWDFWHG WKURXJK WKHLU GHSDUWPHQW∗ ॡHPDLQ TXHVWLRQ , IRFXVHG RQ LQ WKH
LQWHUYLHZV ZDV ZRXOG 3ODQHW0DWK EH UHOHYDQW WR WKH ZD\ \RX VWXG\ DQG GR PDWKHPDW
LFV" , DOVR WULHG WR HOLFLW DQ\ LGHDV WKDW PLJKW KHOS WR LPSURYH WKH VLWH 3DUWLFLSDQWV LQ
WKH VWXG\ REOLJHG ZLWK TXLWH D ELW RI FRQVWUXFWLYH FULWLFDO IHHGEDFN DERXW WKH V\VWHP
)RU H[DPSOH RQH QRWHG KLV UHVLVWDQFH WR FUHDWLQJ FROOHFWLRQV DQRWKHU WDONHG DERXW GLI
ਖ਼FXOWLHV ZRUNLQJ ZLWK /$7(; D WKLUG SRLQWHG RXW WKDW 3ODQHW0DWK ZRXOG EH PRUH XVHIXO
LI LW SURYLGHG D IHDWXUH IRU EORJ KRVWLQJ D IRXUWK VXJJHVWHG QHZ IHDWXUHV IRU QDYLJDWLRQ
)LJXUHV  DQG  VXP XS WKH UHVHDUFK GHVLJQ WKDW KHOSHG WR JLYH RUGHU WR WKLV W\SH RI
IHHGEDFN XVLQJ D YLVXDO PHWDSKRU ॡH VWXG\ DLPV WR GHVFULEH WKH UHODWLRQVKLS RI V\VWHP
IHDWXUHV WR HPHUJHQW SD॔HUQV RI XVH KHUH YLVXDOL]HG DV ۢSDWKV LQ WKH JUDVVۣ
∗2QH SHUVRQ DOVR MRLQHG LQ UHVSRQVH WR DQ DQQRXQFHPHQW LQ WKH 3HHUDJRJ\ LQ $FWLRQ *RRJOH FRPPX
QLW\ EXW KH GURSSHG RXW RI WKH VWXG\ EHIRUH FRPSOHWLQJ DQ LQWHUYLHZ

&KDSWHU  8VHU (YDOXDWLRQ

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)LJXUH  3HHUDJRJ\ SDࡉHUQV DV ORFL IRU ڨSDWKV LQ WKH JUDVVک
i 5HVHDUFK GHVLJQ
ॡH 3HHUDJRJ\ SURMHFW۟V FDWDORJ RI SD॔HUQV IRU SHHU OHDUQLQJ VXPPDUL]HG LQ 7DEOH
 >i S @ ZKLFK LV XVHG WR VHHG WKH FXUUHQW VWXG\ ,I DFWXDO EHKDYLRU ZHUH DV
GHSLFWHG LQ )LJXUH  ZH ZRXOG H[SHFW WR VHH SHRSOH PRYLQJ EHWZHHQ ۢ$UWLFOHVۣ DQG
ۢ3UREOHPVۣ E\ ZD\ RI ۢ$ VSHFLडF SURMHFW ۣ RU IURP ۢॠHVWLRQۣ WR ۢ&ROOHFWLRQۣ E\ ZD\
RI D GLYLVLRQ RI ODERU DPRQJ VHYHUDO ۢ5ROHVۣ $W D QDUUDWLYH OHYHO WKLV PDNHV D FHUWDLQ
DPRXQW RI VHQVH ,Q SUDFWLFH WKH HPHUJHQW VWUXFWXUH RI XVH PD\ EHPRUH HODERUDWH 0RUH
WKDQ D FROOHFWLRQ RI K\SRWKHVHV )LJXUH  UHSUHVHQWV D ۢPHWDPRGHOۣ WKDW FDQ EH XVHG
WR LGHQWLI\ WKH G\QDPLF SD॔HUQV RI XVH WKDW HPHUJH ZLWKLQ LQ D VRFLRWHFKQLFDO V\VWHP
'DYLG &DYDOOR H[SODLQHG WKH LGHD RI HPHUJHQW GHVLJQ DV D SUDFWLFH RI ۢSURELQJ IRU VNLOOV
DQG NQRZOHGJH UHVLGHQW LQ D FRPPXQLW\ DQG XVLQJ WKHVH DV EULGJHV WR QHZ FRQWHQWۣ &DYDOOR
३ ॡH DLP KHUH LV WR ਖ਼QG QRW MXVW QHZ FRQWHQW EXW QHZ IRUP ۙ ZKLFK QHFHVVDULO\
LQYROYHV WUDQVIRUPDWLRQ
ॡH VWXG\۟V SKDVHV DUH GHVFULEHG LQ 7DEOH  ,Q WKH ਖ਼UVW SKDVH SDUWLFLSDQWV 7DEOH 
D॔HQGHG D IRFXV JURXS ZKHUH WKH VWXG\ ZDV GHVFULEHG LQ GHWDLO DQG ZKHUH SDUWLFLSDQWV
ZHUH DVNHG WR GHVFULEH WKHLU PDWKHPDWLFDO EDFNJURXQGV DQG WR VD\ ZKDW LQWHUHVWHG WKHP
DERXW WKH VWXG\ , DOVR ZDONHG WKHP WKURXJK D VHTXHQFH RI VFUHHQVKRWV VLPLODU WR WKRVH LQ
&KDSWHU  ,Q WKH VHFRQG SKDVH SDUWLFLSDQWV WULHG WKH QHZ IHDWXUHV RI 3ODQHWDU\ RQ WKH
SXEOLF 3ODQHW0DWKRUJ ZHEVLWH ,Q WKH WKLUG SKDVH , FRQGXFWHG LQGLYLGXDO LQWHUYLHZV
ॡH SDUWLFLSDQWV ZHUH UHFUXLWHG LQ WZR FDGUHV VR WKHVH WKUHH SKDVHV DOO UDQ WZLFH RQ
0D\   DQG 0D\   3DUWLFLSDQWV ZHUH DZDUGHG D e $PD]RQFRXN YRXFKHU
XSRQ FRPSOHWLRQ RI WKH VWXG\
ॡH DQDO\VLV IRFXVHV RQPDWHULDO JDWKHUHG IURP WKH LQWHUYLHZV VHOHFWHG TXRWHV DSSHDU
LQ $SSHQGL[ 'ॡH LQLWLDO DQDO\VLV FRQQHFWV WKLV IHHGEDFN WR WKH VSHFLਖ਼F IHDWXUHV RI 3ODQ
HWDU\ E\ ZD\ RI WKH GLPHQVLRQV RI GHVLJQ GLVFXVVHG LQ &KDSWHU  3D॔HUQV R੘HU DQRWKHU
KHXULVWLF PHWKRG WR XQGHUVWDQG DQG RUJDQL]H QHZ LGHDV FRPLQJ IURP XVHUV $W WKH RXW
VHW VHYHUDO SD॔HUQV +HDUWEHDW 5ROHV 8VH RU PDNH $ 6SHFLडF 3URMHFW DQG 5RDGPDS WKDW
FDPH XS SDUWLFXODUO\ IUHTXHQWO\ LQ GLVFXVVLRQV LQ WKH 3HHUDJRJ\ SURMHFW VHHPHG OLNHO\
WR GHVFULEH WKH XVHU H[SHULHQFH KHUH 'XULQJ LQWHUYLHZV , XVHG WKH OD\RXW IURP )LJXUH
 DV D WHPSODWH IRU YLVXDO QRWHWDNLQJ
$ SD॔HUQEDVHG DQDO\VLV LV ULJRURXV LQ WKH VHQVH WKDW HLWKHU WKH H[LVWLQJ SD॔HUQV
PDWFK WKH WRSLFV XQGHU GLVFXVVLRQ RU QHZ SD॔HUQV VKRXOG HPHUJH 'HVLJQ SD॔HUQV DUH
IDU IURP EHLQJ D ۢXQLYHUVDOۣ V\PEROLF ODQJXDJH LQ WKH /HLEQL] VHQVH QHYHUWKHOHVV WKH\
FDQ EH XVHG LQ WKH VSLULW RI PDWKHVLV XQLYHUVDOLV DV XQGHUVWRRG E\ 'HOHX]H FI 'HOHX]H
 SS ۙ  'HVLJQ SD॔HUQV FDQ KHOS EXLOG FXOWXUH ZKHUH EHIRUH WKHUH
ZHUH RQO\ FRQVWUDLQWV V\PEROV ZKHUH EHIRUH WKHUH ZDV RQO\ D ODQGVFDSH FI >i S
@ ,Q WKH FRXUVH RI DQDO\VLV WKH XVHU HYDOXDWLRQ RI WKH VLWH ZDV HQFDSVXODWHG LQ WKUHH
QHZ GHVLJQ SD॔HUQV WKDW FRQWULEXWH WR D QHZ HPHUJHQW GHVLJQ IRU WKH VLWH LQFOXGLQJ
FRQFUHWH LQGLFDWLRQV RI ۢ:KDW۟V 1H[W ۣ

&KDSWHU  8VHU (YDOXDWLRQ
 ,Q DQ LQLWLDO IRFXV JURXS , ZLOO
SUHVHQW WKH EDFNJURXQG RI WKLV
VWXG\
, ZLOO DLP WR GLVFHUQ ZKDW WKH
5RDGPDS IRU LQGLYLGXDO SDUWLFL
SDQWV ORRNV OLNH
 , H[SODLQ WKH WDVNV WKDW , ZRXOG
OLNH SHRSOH WR WU\ RYHU D  GD\
SHULRG DQG H[SODLQ WKDW , ZLOO
EH DYDLODEOH IRU GLVFXVVLRQ LQ WKH
IRUXP RU SULYDWHO\ E\ HPDLO
, ZLOO DLP WR GLVFHUQ ZKHWKHU SHR
SOH XVH WKH IRXU EDVLF SD॔HUQV
+HDUWEHDW 5ROHV 8VH RU PDNH
$ 6SHFLडF 3URMHFW DV WKH\ RULHQW
WKHPVHOYHV WR WKH QHZ VR॑ZDUH
 , ZLOO PHHW ZLWK HDFK RI WKH SDU
WLFLSDQWV IRU DQ LQGLYLGXDO GHEULHI
LQJ D॑HU WKH  GD\V KDV SDVVHG
, ZLOO DLP WR GLVFHUQ ZKHWKHU SHR
SOH XVH DQ\ RWKHU PRUH UHਖ਼QHG
SD॔HUQV DV WKH\ XVHG WKH WRROV
7DEOH  3KDVHV RI WKH VWUXFWXUHG FRPSRQHQW RI WKH XVHU HYDOXDWLRQ
$$ 8. UHVLGHQW PDOH FKHPLVWU\ EDFNJURXQG FXUUHQWO\ ZRUNLQJ LQ
PHGLD KRSLQJ WR HQUROO LQ WKH 2SHQ 8QLYHUVLW\۟V PDWKHPDWLFV
PDVWHUV GHJUHH FRQWDFWHG WKURXJK 3ODQHW0DWK
$% 8. UHVLGHQW IHPDOH FXUUHQW SRVWJUDGXDWH VWXGHQW LQPDWKHPDW
LFV FRQWDFWHG WKURXJK 28 PDWKHPHPDWLFV GHSDUWPHQW
$& *HUPDQ UHVLGHQW PDOH PDWKHPDWLFV 3K' VWD੘ VFLHQWLVW DQG
SURJUDPPHU ORQJWLPH 3ODQHW0DWK XVHU FRQWDFWHG WKURXJK
3ODQHW0DWK
563 86 UHVLGHQW PDOH SK\VLFV 3K' ORQJWLPH 3ODQHW0DWK XVHU DQG
DFWLYH YROXQWHHU 5D\PRQG 6 3X]LR UHTXHVWHG QRQDQRQ\PLW\
%$ 8. UHVLGHQW PDOH HQJLQHHULQJ EDFNJURXQG HQUROOHG LQ WKH
2SHQ 8QLYHUVLW\۟V PDWKHPDWLFV PDVWHUV SURJUDP FRQWDFWHG
WKURXJK 28 PDWKHPDWLFV GHSDUWPHQW
%% 8. UHVLGHQW IHPDOH HQJLQHHULQJ DQG VR॑ZDUH EDFNJURXQG
HQUROOHG LQ WKH 2SHQ 8QLYHUVLW\۟V PDWKHPDWLFV PDVWHUV SUR
JUDP FRQWDFWHG WKURXJK 28 PDWKHPDWLFV GHSDUWPHQW
%& 8. UHVLGHQW PDOH WHDFKLQJ DQG PHGLD EDFNJURXQG FRQWDFWHG
WKURXJK WKH ۢ3HHUDJRJ\ LQ $FWLRQۣ *RRJOH FRPPXQLW\ %&
GURSSHG RXW RI WKH VWXG\ SDUWZD\ WKURXJK
7DEOH  6WXG\ SDUWLFLSDQWV
i ࢌHPDWLF DQDO\VLV
 ࢌHPDWLF DQDO\VLV
,QGLYLGXDO LQWHUYLHZV R੘HUHG WKH PRVW LQIRUPDWLRQ DQG DUH H[DPLQHG LQ GHWDLO LQ WKLV
VHFWLRQ 'HWDLOHG TXRWHV IURP WKH LQWHUYLHZV DUH SUHVHQWHG LQ $SSHQGL[ ' DQG DUH UHI
HUHQFHG KHUH LQ VTXDUH EUDFNHWV∗ ॡH DQDO\VLV DOVR GUDZV RQ REVHUYDWLRQ RI SDUWLFLSDQW
LQWHUDFWLRQ ZLWK WKH WRRO DV ZHOO DV IRUXP SRVWV DQG HPDLOV H[FKDQJHG ZLWK SDUWLFLSDQWV
GXULQJ WKH VWXG\ ॡH PRVW XVHIXO ZD\ WR EHJLQ WR RUJDQL]H WKH DQDO\VLV LV XQGHU WKH
KHDGLQJV FRPLQJ IURP WKH LQLWLDO GLPHQVLRQV RI WKH GHVLJQ &KDSWHU  DQG WR WKLQN LQ
WHUPV RI WKH FRQFUHWH V\VWHP IHDWXUHV WKDW LQVWDQWLDWHG WKLV GHVLJQ )LJXUH  >i S
@ ॡH NH\ LGHDV DUH FROOHFWHG LQWR HPHUJHQW WKHPHV
 $ VSHFLDOSXUSRVH WRRO FXVWRPL]HG WR VXLW WKH FKDOOHQJHV RI
OHDUQLQJ PDWKHPDWLFV
ڛ1HFHVVDU\ EXW QRW VXग़FLHQWڜ ,Q RXU LQWHUYLHZ$$ ۙZKR FDPH WR 3ODQHW0DWK ZLWK
PRVWO\ XQGHUJUDGXDWHOHYHO TXHVWLRQV ۙ VDLG WKDW WKH VLWH LV RQO\ DV JRRG DV WKH SHRSOH
ZKR XVH LW $% ۙ ZKR ZDV WKLQNLQJ DERXW UHVHDUFKOHYHO SUREOHPV ۙ VXJJHVWHG WKDW
LW LV RQO\ DV XVHIXO DV WKH FRQWHQW WKDW LW SURYLGHV :RUNLQJ VR॑ZDUH LV FOHDUO\ DQRWKHU
ۢQHFHVVDU\ EXW QRW VXਜ਼FLHQWۣ FULWHULRQ $ PRGHO GHYLVHG E\563 FRQQHFWHG ZLWK HDUOLHU
GLVFXVVLRQV DPRQJ FRUH YROXQWHHUV LQ WKH 3ODQHW0DWK SURMHFW FDPH XS DJDLQ LQ RXU LQWHU
YLHZ >563@ $ VFKHPDWLF UHQGLWLRQ RI WKLV PRGHO LV SUHVHQWHG LQ )LJXUH  &RQWHQW DQG
&RPPXQLW\ IHDWXUHV DUH IDPLOLDU IURP RWKHU VRFLDO ZHEVLWHV $&DWDORJ LV VLPLODU WR ZKDW
RQH ਖ਼QGV LQ OLEUDULHV D UHVRXUFH WKDW SURYLGHV SRLQWHUV WR RWKHU DYDLODEOH UHVRXUFHV 563
LV SDUWLFXODUO\ LQWHUHVWHG LQ XVLQJ H[LVWLQJ OLEUDU\ FDWDORJV WR ਖ਼QG DGGLWLRQDO FRQWHQW WKDW
FDQ EH XVHG RQ 3ODQHW0DWK >563@ ,QDVPXFK DV WKH FDWDORJ KHOSV WR ਖ਼QG FRQWHQW LW UHS
UHVHQWV DQ HVVHQWLDO IHDWXUH %% UHSHDWHGO\ HPSKDVL]HG WKH LPSRUWDQFH RI IXQFWLRQLQJ
VHDUFK ۙ RWKHUZLVH ZH ZLOO KDYH ۢPDVVHV RI YHU\ JRRG PDWK PDVVHV RI YHU\ JRRG WKHRUHPV
DQG UHVXOWV DQG GHडQLWLRQV DQG VR RQۣ ۙ WKDW DUH H੘HFWLYHO\ XVHOHVV EHFDXVH \RX FDQ۟W ਖ਼QG
WKH RQH \RX QHHG >%%@ ॡXV D WRRO WKDW VXSSRUWV OHDUQLQJ PDWKHPDWLFV VKRXOG DW OHDVW
VXSSRUW WKHVH WKUHH FRUH IHDWXUHV 7ZR DGGLWLRQDO FRPSRQHQWV &RGH DQG 2UJDQL]DWLRQ
SURYLGH WKH EDVLV IRU WKH H[LVWHQFH DQG HYROXWLRQ RI VXFK D WRRO EXW PRVW XVHUV ZLOO QRW
LQWHUDFW ZLWK WKHVH FRPSRQHQWV GLUHFWO\ >563@
&KDOOHQJHV ZLWK ZULWLQJ PDWKHPDWLFV $W WKH PRPHQW WKH PRVW SURPLQHQWO\ YLVL
EOH PDWKHPDWLFVVSHFLਖ਼F DVSHFWV RI WKH V\VWHP KDYH WR GRZLWK FRQWHQW ۙ DQG SDUWLFXODUO\
ZLWK HQWHULQJ DQG GLVSOD\LQJ PDWKHPDWLFDO V\PEROV LQ WH[WXDO IRUP ۙ DOWKRXJK PDWKH
PDWLFDO डJXUHV ZHUH DOVR GLVFXVVHG $V LW VWDQGV HYHQ PDWKHPDWLFDO V\PEROV SUHVHQWHG
∗5HFRUGLQJV IURP $$ DQG $% DUH PLVVLQJ GXH WR D SUREOHP ZLWK WKH UHFRUGLQJ VR॑ZDUH DFFRUGLQJO\
GDWD IURP WKHVH LQWHUYLHZV LV HPEHGGHG LQ GLDJUDPPDWLF IRUP LQ P\ KDQGZUL॔HQ QRWHV %& GURSSHG RXW
RI WKH VWXG\ EHIRUH FRPSOHWLQJ DQ LQWHUYLHZ

&KDSWHU  8VHU (YDOXDWLRQ
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)LJXUH  5D\PRQG 3X]LRڥV ڨ&ک PRGHO ZLWK HODERUDWLRQV IURP RXU FRQYHUVDWLRQV
YDULRXV GLਜ਼FXOWLHV IRU VRPH RI WKH XVHUV $$ ZKR ZDV QHZ WR /$7(; HPDLOHG PH VHY
HUDO WLPHV GXULQJ WKH VWXG\ DVNLQJ IRU W\SHVH॔LQJ KHOS %% DQG %$ ZHUH IDPLOLDU ZLWK
WKH ۢ:KDW <RX 6HH ,V :KDW <RX *HWۣ :<6,:<* /$7(; IURQWHQG /<;∗ KDYLQJ XVHG LW
WR FRPSOHWH WKHLU FRXUVH DVVLJQPHQWV ॡH\ PDQDJHG ZLWK 3ODQHW0DWK۟V FXUUHQW ZHE
HGLWRU EXW %$ LQGLFDWHG WKDW KH PLVVHG WKH IDPLOLDU :<6,:<* ZRUNਗ਼RZ :LWK WKH FXU
UHQW ZHE HGLWRU KH IHOW FRQFHUQHG WKDW WKH EURZVHU PLJKW WLPH RXW DQG WKDW KH ZRXOG
ORVH DQ\ WH[W WKDW KDGQ۟W EHHQ VDYHG >%$@
&XUUHQWO\ /$7(;0/ ۢIDWDO HUURUVۣۦ ZKHUH QR UHVXOWLQJ +70/ FDQ EH JHQHUDWHG DUHQ۟W
UHSRUWHG WR WKH XVHU DW DOO DQG UHVXOW LQ D EODQN VFUHHQ FDXVLQJ D VWURQJ VHQVH RI XQFHU
WDLQW\ DQG GRXEW ZKHQ WKLQJV JR ZURQJ ۙ HYHQ IRU DQ H[SHULHQFHG /$7(; XVHU OLNH $&
>$&@ 2Q WKH RWKHU KDQG $& HPSKDVL]HG WKDW KDYLQJ /$7(; LWVHOI LV TXLWH XVHIXO >$&@
$XWRVDYH DQG DXWRSUHYLHZ ZRXOG QRW EH WHUULEO\ KDUG WR DGG WR WKH FXUUHQW 3ODQHW0DWK
HGLWRU SDUWLFXODUO\ VLQFH ERWK WKH HGLWRU DQG WKH /$7(;0/ GDHPRQ KDYH :HE6RFNHW VXS
SRUW 6LPSOH SRLQWDQGFOLFN HQWU\ RI PDWKHPDWLFDO IRUPXODV ZRXOG DOVR EH DQ DGYDQ
WDJH IRU QHZ XVHUV 1RYLFH XVHUV PLJKW DOVR SUHIHU WR XVH KDQGZUL॔HQ PDWKHPDWLFV /R
(GZDUGV %RNKRYH 	 'DYLV  %$ LQGLFDWHG WKDW VFDQV RI KDQGZUL॔HQ SDSHUV FDQ
EH VXEPL॔HG LQ 2SHQ 8QLYHUVLW\ FRXUVHV ZKLFK ORZHUV WKH EDUULHU WR SDUWLFLSDWLRQ
∗?iiT,ffrrrXHvtXQ`;f
ۦ?iiT,ff/HK7XMBbiX;QpfGh2sJGfKMmHf2``Q`+Q/2bf

i ࢌHPDWLF DQDO\VLV
ڛ1LFH WR KDYHڜ ,Q WKH LQWHUYLHZZLWK$% ZH FDPH XSZLWK DZD\ LQZKLFK DQ LPSURYHG
JDOOHU\ FRXOG EH XVHIXO IRU VHDUFK 6KH ZDV ORRNLQJ IRU D SDSHU LQ JUDSK WKHRU\ ۙ EXW
ZDVQ۟W VXUH ZKDW VHDUFK WHUPV WR XVH DOWKRXJK VKH NQHZ ZKDW WKH JUDSK VKH KDG LQ
PLQG ORRNHG OLNH 2XU LGHD ZDV WKDW LI 3ODQHW0DWK۟V JDOOHU\ KDG PRUH VHPDQWLF VWUXF
WXUH DOORZLQJ KHU WR ਖ਼QG WKH ਖ਼JXUH LW FRXOG DOVR EH XVHG DV D ZD\ WR ਖ਼QG WKH UHOHYDQW
GHਖ਼QLWLRQV &XUUHQWO\ KRZHYHU WKH JDOOHU\ QHHGV PDQ\ EDVLF LPSURYHPHQWV DQG LPDJH
VHDUFK GRHV QRW ZRUN DW DOO %$ IRXQG WKH ZRUNਗ਼RZ RI XSORDGLQJ WR WKH JDOOHU\ GLਜ਼FXOW
DQG VXJJHVWHG WKDW LPDJHV ZRXOGQ۟W R॑HQ EH UHXVHG DQG WKDW WKH JOREDO JDOOHU\ ZDV RI
OLPLWHG LPSRUWDQFH +H VXJJHVWHG WR VZLWFK WR ۢDUWLFOHORFDOۣ LQWHUDFWLRQ ZLWK LPDJHV DV
LQ 1R¸VSKHUH ,W VKRXOG EH SRVVLEOH WR VXSSRUW LQWXLWLYH ORFDO XSORDGV WKDW LQWHJUDWH ZLWK
WKH JOREDO JDOOHU\ $V WLPH JRHV E\ ZH PD\ VHH XVHU LQWHUHVW LQ DGGLWLRQDO IHDWXUHV IRU
UHPRWH FROODERUDWLRQ LQFOXGLQJ YDULRXV PDWKHPDWLFVVSHFLਖ਼F IHDWXUHV OLNH D LQWHUDFWLYH
FRPSXWHU DOJHEUD V\VWHP >563@
 $Q DFWLYH DQG LQWHUDFWLYH SURFHVV FHQWHUHG RQ SUREOHP VROYLQJ
3URJUHVVLYH SUREOHP VROYLQJ 6HYHUDO VXEMHFWV EURXJKW XS LQWHUHVWLQJ SRLQWV DQG
TXHVWLRQV DERXW WKH PHDQLQJ RI ۢSUREOHPVۣ DQG ۢVROXWLRQVۣ ॡLV KHOSHG WR VKRZ WKDW
WKH HQWLW\ UHODWLRQ GLDJUDP LQ 7DEOH  >i S @ FRXOG EH PDGH PRUH FRPSOHWH E\
DGGLQJ FRQMHFWXUHV DQG SDUWLDO VROXWLRQV >$&@ ,W VHHPV FOHDU WKDW LQWHUDFWLRQV FHQWHUHG
RQ UHVHDUFK SUREOHPV DQG WH[WERRN SUREOHPV ZRXOG EH UDWKHU GL੘HUHQW %% RXWOLQHG
DQ HWKLFDO VWDQFH RQ TXHVWLRQV DERXW KRPHZRUN SUREOHPV >%%@ WKDW LV YHU\ GL੘HUHQW
IURP $&۟V RULHQWDWLRQ WRZDUGV VKDULQJ ERWK TXHVWLRQV DQG SDUWLDO DQVZHUV WR UHVHDUFK
SUREOHPV
%%۟V XQGHUVWDQGLQJ RI WKH ULJKW WKLQJ WR GR LQ WKH FDVH RI TXHVWLRQV DERXW KRPHZRUN
SUREOHPV ZDV FRQVRQDQW ZLWK WKH GHVLJQ GHFLVLRQ WR KDYH ۢDQVZHUVۣ EH OLQNV WR HQF\
FORSHGLD DUWLFOHV >%%@ >%%@ /LQNLQJ WR HQF\FORSHGLD DUWLFOHV LV H੘HFWLYHO\ D KLQW LQGL
FDWLQJ UHOHYDQW DQG RVWHQLEO\ FRPPRQ NQRZOHGJH ZKLFK VKRXOG SXW WKH TXHVWLRQHU RQ
WKH ULJKW WUDFN EXW ZKLFK PD\ VWLOO OHDYH WKHP VRPHWKLQJ WR ZRUN RXW +RZHYHU ZKHQ
LW FRPHV WR KHU RZQ VROXWLRQV WR SUREOHPV OLNH $& %% ZDV FRPIRUWDEOH ZLWK XSORDGLQJ
DQG GLVFXVVLQJ FRQMHFWXUHV DQG SDUWLDO VROXWLRQV DV ZRUNLQSURJUHVV >%%@
,W ZDV DOVR FOHDU WKDW XQOHVV XVHUV DUH FRPIRUWDEOH VKDULQJ LQFRPSOHWH DQVZHUV SDUWLDO
RU IDLOHG VROXWLRQV WKHQ WKLV VRUW RI NQRZOHGJH ZLOO EH XQGHUUHSUHVHQWHG ۙ ZKLFK PD\
UHSUHVHQW D PLVVHG RSSRUWXQLW\ IRU OHDUQLQJ 7VRYDOW]L HW DO  1HYHUWKHOHVV WKHUH
LV D EDUULHU WR RYHUFRPH $% VDLG VKH IRXQG LW QLFH WR EH DEOH WR KHOS ۙ EXW VKH ZDV FRQ
FHUQHG WKDW LI VKH DGPL॔HG WKDW VKH FRXOGQ۟W ਖ਼JXUH RXW WKH DQVZHU WR D JLYHQ TXHVWLRQ
RU LI VKH SRVWHG DQ LQFRPSOHWH DQVZHU SHRSOH ZRXOG JHW XSVHW 6KH UHSRUWHG VSHQGLQJ
DQ KRXU D॔HPSWLQJ WR ZRUN RXW D WULFN\ LQWHJUDWLRQ E\ SDUWV SUREOHP WKDW DQRWKHU XVHU
KDG XSORDGHG EHIRUH JLYLQJ XS ۙ QR WUDFH RI WKLV ZRUN VKRZHG XS RQ WKH VLWH 5HJDUG

&KDSWHU  8VHU (YDOXDWLRQ
LQJ DQRWKHU TXHVWLRQ KDYLQJ WR GR ZLWK GL੘HUHQWLDO HTXDWLRQV DQG LQWHUHVW UDWHV VKH VDLG
VKH ZRXOG KDYH OLNHG WR KHOS EXW ۢ, KDYHQڥW ORRNHG DW WKDW LQ \HDUVۣ &HUWDLQ FRPPHQWV
IURP $% DQG %% ZHUH DOLJQHG ZLWK DQ LGHD WKDW , KDG SUHYLRXVO\ GLVFXVVHG ZLWK WKH
3ODQHWDU\ GHYHORSPHQW WHDP QDPHO\ WKH FUHDWLRQ RI DQ (WKHUSDGOLNH ZHEVLWH IRU PDWK
HPDWLFV >%%@ ॡLV ZRXOG EH D VWDQGDORQH V\VWHP EXLOW XVLQJ DQ LPSURYHG YHUVLRQ RI
WKH 3ODQHW0DWK HGLWRU IRU FUHDWLQJ HSKHPHUDO SRWHQWLDOO\ DQRQ\PRXV RU WKURZDZD\
PDWKHPDWLFDO DUWLIDFWV WKH HOHFWURQLF HTXLYDOHQW WR D FKDONERDUG +RZHYHU LI WKLV FROOHF
WLRQ ZDV RSWLRQDOO\ WDJJDEOH DQG VHDUFKDEOH WKH PDWHULDO FRXOG EH UHXVHG DQG FRXOG
IXUWKHUPRUH SURYLGH D UHDOWLPH JXLGH WR WRSLFV RI LQWHUHVW DURXQG WKH VLWH FI &RUQHOL
 0DU\ 
3HUVRQDO KLVWRU\ FRQVWUXFWLYLVP 3ODQHWDU\ FXUUHQWO\ SUHVHQWV DQ RYHUYLHZ RI WKH
XVHU۟V ۢ+LVWRU\ۣ RQ WKH XVHU KRPHSDJH ,W WUDFNV PRUH GHWDLOHG LQWHUDFWLRQV XVLQJ WKH
mb2`TQBMibPRGXOH EXW$& IRXQG WKH SUHVHQWDWLRQ RI WKLV LQIRUPDWLRQ FRQIXVLQJ >$&@
%% SRLQWHG RXW WKDW KLVWRU\ LV QRW RQO\ LPSRUWDQW IRU WKH XVHU KRPH SDJH EXW FRXOG EH
XVHIXOO\ LQWHJUDWHG LQWR WKH EURZVLQJ H[SHULHQFH XVLQJ DSSURSULDWH EUHDGFUXPE WUDLOV
URRWHG DW LPSRUWDQW WRSLFV >%%@ 0HDQLQJ PDNLQJ LV DVVRFLDWHG ZLWK ۢFRQVWUXFWLYHۣ
IHDWXUHV DQG FROOHFWLRQV UHSUHVHQW D OLJKWZHLJKW WRRO IRU FRQVWUXFWLYH PHDQLQJ PDNLQJ
6XEMHFWV JHQHUDOO\ DJUHHG WKDW FROOHFWLRQV SURYLGH D XVHIXO ZD\ WR RUJDQL]H PDWHULDO DQG
DOVR WKDW WKHUH ZHUH YDULRXV ZD\V WKH\ FRXOG EH LPSURYHG IRU LQVWDQFH E\ DGGLQJ WKH
DELOLW\ WR ۢH[SDQG DOOۣ E\ EHLQJ DEOH WR GLVSOD\ VXEFROOHFWLRQV LQ D QHVWHG IRUPDW E\
EHLQJ DEOH WR LQFOXGH OLQNV WR RXWVLGH UHVRXUFHV RU E\ DGGLQJ QDUUDWLYH ۢJOXHۣ EHWZHHQ
FRPSRQHQWV )RU %% ZKR ZDV WKLQNLQJ SULPDULO\ RI UHIHUHQFHUHODWHG XVHU LQWHUDFWLRQV
3ODQHW0DWK۟V H[LVWLQJ QDUUDWLYH WRSLF DUWLFOHV WKDW VXPPDUL]H LPSRUWDQW PDWKHPDWLFDO
WRSLFV SUHVHQW D FRPSHOOLQJ DOWHUQDWLYH WR FROOHFWLRQV >%%@ %$ IHOW WKDW FROOHFWLRQV
VKRXOG EH PDQDJHG E\ VRPHRQH ZLWK D GHVLJQDWHG ۢHGLWRUۣ UROH >%$@
 0RWLYDWH XVHUV WR FRQWULEXWH SUREOHPV DQG GLVFXVV VROXWLRQV
5HJXODWLQJ OHDUQLQJ LQ D VRFLDOPHGLDWHG FRQWH[W $OWKRXJK VKH GHVFULEHG KHUVHOI
DV ۢQRW YHU\ VHOIPRWLYDWHGۣ %% VHHPV WR EH KLJKO\ PRWLYDWHG LQ WKH ULJKW FRQWH[W ۙ
DQG VKH LV YHU\ LQWHUHVWHG LQ XQGHUVWDQGLQJ KRZ VKH OHDUQV EHVW >%%@ $॑HU RXU LQWHU
YLHZ VKH VHQW PH D GHVFULSWLRQ RI KHU RZQ OHDUQLQJ SD॔HUQV >%%@ ZKLFK VHHPHG WR
FORVHO\ PDWFK WKH ۢIRUHWKRXJKW ۣ ۢSHUIRUPDQFH ۣ DQG ۢVHOIUHढHFWLRQۣ F\FOH IURP =LPPHU
PDQ  =LPPHUPDQ 	 &DPSLOOR  $V =LPPHUPDQ DQG &DPSLOOR  LQGL
FDWH WKHUH DUH GL੘HUHQFHV EHWZHHQ SUREOHP VROYLQJ LQ ۢIRUPDOۣ DQG ۢLQIRUPDOۣ FRQWH[WV
$OWKRXJK PDWKHPDWLFV LV D UHODWLYHO\ IRUPDO GRPDLQ 3ODQHW0DWK FDQ DOVR KHOS SHRSOH
VROYH D UDQJH RI ۢLOOVWUXFWXUHGۣ LQIRUPDO SUREOHPV )RU H[DPSOH $$ ZDV SDUWLFXODUO\
HQWKXVLDVWLF DERXW 3ODQHW0DWK۟V SRWHQWLDO DV D SODFH WR QHWZRUN ZLWK SHRSOH ZLWK VLPLODU
LQWHUHVWV EXW SRLQWHG RXW WKDW WKHUH QHHGV WR EH D ۢVHQVH RI XUJHQF\ۣ DERXW DQVZHULQJ

i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TXHVWLRQV WKDW DUH XSORDGHG WR WKH VLWH , PHQWLRQHG WKDW WKH 6WDFN([FKDQJH V\VWHP
VHHPV WR KDYH GRQH D JRRG MRE LQ WKDW UHVSHFW 563 DOVR H[SUHVVHG LQWHUHVW LQ QHWZRUN
LQJ >563@ EXW SRLQWHG RXW WKDW VLPSO\ GLVSOD\LQJ D ORJ RI XVHU DFWLYLWLHV ZRXOGQ۟W UHDOO\
EH VXਜ਼FLHQW IRU ਖ਼QGLQJ FROODERUDWRUV VLQFH HYHQ YHU\ SUROLਖ਼F FRQWULEXWRUV ۢPLJKW QRW
EH LQ WKH PRRG WR WDON DERXW LWۣ >563@ +H VXJJHVWHG WKDW D PDS RI XVHU DFWLYLW\ ZRXOG
EH PRUH XVHIXO LI LW LQFOXGHG PRUH GHWDLOHG VRFLDO QHWZRUNLQJ LQIRUPDWLRQ EH\RQG MXVW
PDWKHPDWLFDO LQWHUHVWV RU D VWDWH RI ۢFRSUHVHQFHۣ RQOLQH >563@ >563@
&RPSDULVRQ ZLWK UROHV LQ RWKHU FRQWH[WV 3HRSOH DUH PRWLYDWHG WR XVH V\VWHPV WKDW
KHOS WKHP DFKLHYH WKHLU DLPV 3HRSOH DUH UHODWLYHO\ XQOLNHO\ WR UHSRUW VR॑ZDUH EXJV LI
WKH\ GRQ۟W KDYH D VHQVH WKDW WKH EXJ UHSRUWV ZLOO EH UHVSRQGHG WR , HQFRXUDJHG $&
WR SRLQW RXW DQ\ VR॑ZDUH SUREOHPV KH HQFRXQWHUHG ZLWK 3ODQHW0DWK3ODQHWDU\ HYHQ
WKRXJK , KDG WR DGPLW WKDW WKH 3ODQHWDU\ GHYHORSPHQW WHDP LV QRW ۢDYDLODEOH ۣ >$&@
2Q WKH VR॑ZDUH OHYHO LI ZH PDNH LW HDV\ WR UHSRUW EXJV LI ZH UHVSRQG WR EXJ UHSRUWV
DQG LI ZH PDNH LW HDV\ IRU RWKHUV WR JHW LQYROYHG ZLWK WKH VR॑ZDUH WKHQ WKHUH۟V D JRRG
FKDQFH WKDW WKH VR॑ZDUH ZLOO HYHQWXDOO\ EHFRPH VDWLVI\LQJ IRU VLWH XVHUV ۢ%XJ UHSRUWVۣ
DQG ۢIHDWXUH UHTXHVWVۣ SUHVHQW D XVHIXO PRGHO QRW MXVW IRU VR॑ZDUH EXW IRU PDWKHPDWLFDO
FRQWHQW ۙ LQGHHG WKLV LV SUHFLVHO\ ZKDW FRUUHFWLRQV DQG UHTXHVWV ZHUH VXSSRVHG WR DFFRP
SOLVK LQ 1R¸VSKHUH +RZHYHU LW PD\ EH WLPH WR LQWURGXFH D QHZ DEVWUDFWLRQ OD\HU WKDW
KHOSV SHRSOH GLVFXVV DQG HQJHQGHU PRUH EURDGVZHHSLQJ FKDQJH LH DERYH WKH OHYHO
RI LQGLYLGXDO DUWLFOHV ZKLFK LV ZKDW FRUUHFWLRQV WDUJHW $Q ۢRSHQۣ SURGXFWLRQ PRGHO
FRPHV ZLWK WKH DELOLW\ WR UHGHVLJQ WKH SODWIRUP DQG FRQWHQW DV D ZRUNLQSURJUHVV ॡLV
LV TXLWH GL੘HUHQW IURP WKH PRGHO XVHG LQ 28 FRXUVHV ZKHUH IRU LQVWDQFH WKH IRUXP
PRGHUDWRU WULHV WR ۢGLVSHO DQ\ WDONۣ DERXW WKH 7XWRU 0DUNHG $VVLJQPHQWV >%$@
 6XSSRUW PDWKHPDWLFDO PHDQLQJPDNLQJ
5HDGLO\ DYDLODEOH IHHGEDFN 6WXG\ SDUWLFLSDQWV SRLQWHG RXW LQ GL੘HUHQW ZD\V WKDW LI
WKHUH DUH WR EH LQWHUDFWLRQV ZLWK RWKHU SHRSOH WKHQ SHRSOH KDYH WR VKRZ XS $& ZKR
KDG ਖ਼UVW MRLQHG WKH VLWH DURXQG WKH WLPH RI 3ODQHW0DWK۟V SHDN LQ DFWLYLW\ LQ WKH PLG
V )LJXUH  >i S @ QRWLFHG WKDW WKLQJV ZHUH IDLUO\ TXLHW DURXQG WKH VLWH WKHVH
GD\V >$&@ +H SRLQWHG RXW VRPH TXHVWLRQV WKDW WKH 3ODQHW0DWK RZQHUVKLS PRGHO SRVHV
UHJDUGLQJ LQWHUDFWLRQ ZLWK FRQWHQW RQFH DUWLFOH RZQHUV KDYH OH॑ WKH VLWH >$&@ 5HODWLQJ
EDFN WR $$۟V SRLQW DERXW D ۢVHQVH RI XUJHQF\ۣ $& QRWHG WKDW LW LV YHU\ LPSRUWDQW WR EH
DEOH WR ۢZDWFKۣ D SUREOHP VR DV WR JHW QRWLਖ਼FDWLRQV ZKHQ LWV VWDWXV FKDQJHV >$&@ ,Q
28 FRXUVHV WKH WXWRU LV DYDLODEOH IRU OLYH KHOS RQ DQ LQGLYLGXDO EDVLV DV %$ LQGLFDWHG
ۢࡍH VWXGHQW FDQ FRQWDFW WKHP E\ HPDLO SKRQH ڟ DQG XP ZKDWHYHUۣ :H FDQ FRQWUDVW WKLV
ZLWK WKH H[SHULHQFH LQ 3ODQHW0DWK ZKHUH IRU LQVWDQFH DQ DFWLYH YROXQWHHU OLNH 563
H[SUHVVHV D VRPHZKDW GLVWDQW KRSH IRU WLPH WR KHOS QHZFRPHUV >563@

&KDSWHU  8VHU (YDOXDWLRQ
&RQFUHWHQHVV DV D FULWHULRQ RI TXDOLW\ &RQFUHWHQHVV DSSOLHV DW ERWK WKH V\VWHP DQG
FRQWHQW OHYHOV SHRSOH QHHG WR NQRZ ZKDW WKH\ FDQ GR DQG ZKDW LW PHDQV 6RPH RI
WKH VWXG\ SDUWLFLSDQWV IRXQG WKH SUROLIHUDWLRQ RI RSWLRQV DQG W\SHV RI GDWD RQ WKH KRPH
SDJH FRQIXVLQJ ,W VHHPV SRVVLEOH WKDW VRPHWKLQJ OLNH D ۢVWDUW PHQXۣ ZRXOG KHOS SHRSOH
VHH ZKDW WKH\ FDQ GR RQ 3ODQHW0DWK ۙ DQG LI VRPHRQH ZDQWV WR GR VRPHWKLQJ WKDW LVQ۟W
SRVVLEOH \HW WKH\ VKRXOG EH LQVWUXFWHG WR XVH WKH DFWLRQ VHQG D PHVVDJH WR WKH GHYHORSHUV
UHTXHVWLQJ D QHZ IHDWXUH %$ GHVFULEHG WKH 28 FRXUVHV KH KDG WDNHQ DQG WROG PH WKDW
KH KDG TXLW RQH RI WKHP SDUW ZD\ WKURXJK >%$@ (YHQ WKRXJK ۢVRPH SHRSOHۣ FDQ ਖ਼QG
WKHLU ZD\ DURXQG IXQFWLRQDO DQDO\VLV KLV FRXUVH ZDV SUHVHQWHG LQ D ZD\ WKDW PDGH WKH
WRSLF VHHP ۢVR DEVWUDFWۣ WKDW KH ZDV QRW DEOH WR IROORZ LW %$۟V H[SHULHQFH SRLQWV WR WKH
LPSRUWDQFH RI EHLQJ DEOH WR YLVXDOL]H WKH WRSLF WKDW LV EHLQJ VWXGLHG DQG XQGHUVWDQG KRZ
LW FDQ EH DSSOLHG $GGLQJ FRQFUHWHQHVV LV RQH ۢVHUYLFHۣ WKDW D NQRZOHGJHDEOH WHDFKHU RU
PHQWRU FDQ SURYLGH ۙ LI RQH LV DYDLODEOH
 6XSSRUW EHKDYLRU WUDFNLQJ DQG VHPDQWLF PRGHOLQJ
3HUVRQDOL]DWLRQ DQG ORFDOL]DWLRQ $& ZDV SDUWLFXODUO\ HQWKXVLDVWLF DERXW WKH ZD\V
LQ ZKLFK 3ODQHW0DWK FRXOG DW OHDVW LQ WKHRU\ EH SHUVRQDOL]HG WR WKH XVHU۟V LQWHUHVWV
,Q KLV YLHZ 3ODQHW0DWK VKRZV PRUH SRWHQWLDO LQ WKLV UHJDUG WKDQ VLWHV RQ WKH 6WDFN
([FKDQJH QHWZRUN >$&@ ॡLV SHUFHSWLRQ LV VWULNLQJ SDUWLFXODUO\ EHFDXVH WKHUH LV VWLOO
FRQVLGHUDEOH URRP IRU LPSURYHPHQW LQ LPSOHPHQWLQJ SHUVRQDOL]DWLRQ IHDWXUHV 6RPH RI
WKHVH IHDWXUHV ZRXOG EH ZLWKLQ HDV\ UHDFK IRU LQVWDQFH D॑HU WKH PRGHO RI /b?#Q`/
PRGXOH XVHG RQ 'UXSDORUJ∗ $&۟V SHUFHSWLRQ RI SHUVRQDOL]DELOLW\ PD\ KDYH WR GR ZLWK
3ODQHW0DWK۟V RSHQQHVV >$&@ DQG LWV VXEMHFWVSHFLਖ਼F IRFXV +H DOVR KDG VRPH VSHFLਖ਼F
WHFKQLFDO VXJJHVWLRQV 2QH RI WKHVH ZDV WR LQFRUSRUDWH EORJJLQJ WRROV LQ 3ODQHW0DWK
XVHU SDJHV >$&@ 563 VXJJHVWHG D VLPLODU SRLQW QDPHO\ WR LQFRUSRUDWH IDPLOLDU VRFLDO
QHWZRUNLQJ WRROV LQWR XVHU KRPHSDJHV XVLQJ D V\VWHP OLNH )ULHQGLFDۦ >563@
2QH RI WKH ZD\V WR ORFDOL]H DURXQG VSHFLਖ਼F LQWHUHVWV LV WR ۢVHJPHQWۣ WKH VLWH SHU
UHTXHVWV IURP OHJDF\ XVHUV VHH )LJXUH  >i S @ %$ VXJJHVWHG WKDW SHRSOH ZRUN
LQJ DW GL੘HUHQW OHYHOV PD\ QRW QHHG WR LQWHUDFW PXFK >%$@ %% PDGH D VLPLODU UHPDUN
WKDW LQGLFDWHG WKDW VHJPHQWDWLRQ ZRXOG EH PRVW XVHIXO ZKHQ FRPELQHG ZLWK D ORFDOL]HG
IDFHWHG VHDUFK IXQFWLRQDOLW\ >%%@ &RQQHFWLQJ WKLV WR WKH WKHPH RI SHUVRQDOL]DWLRQ563
SRLQWHG RXW WKDW DOO RI 3ODQHW0DWK۟V LPSRUWDQW IHDWXUHV DOZD\V ۢORFDOL]Hۣ WR DQ\ JLYHQ
XVHU DW DQ\ JLYHQ SRLQW LQ WLPH >563@ DOWKRXJK WKH\ PD\ IDLO WR GR WKLV JUDFHIXOO\ +H
QRWHG WKDW LQGLYLGXDO SURMHFWV KDG QRW EHHQ SDUWLFXODUO\ ZHOO PRGHOHG RU ZHOO VXSSRUWHG
LQ 3ODQHW0DWK1R¸VSKHUH >563@
∗?iiTb,ffrrrX/`mTHXQ`;fT`QD2+if/b?#Q`/
ۦ?iiT,ff7`B2M/B+X+QKf
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 3DWWHUQ DQDO\VLV
$V D VHFRQGDU\ OHYHO RI DQDO\VLV WKH LQWHUYLHZ GDWD LV IXUWKHU DQDO\VHG LQ UHODWLRQVKLS
WR WKH 3HHUDJRJ\ SD॔HUQ FDWDORJ 7DEOH  >i S @ ॡH QRWLRQ RI SD॔HUQਖ਼QGLQJ DV
D SURFHVV UHODWHG WR EXW GLVWLQFW IURP DEVWUDFWLRQ LV GHVFULEHG E\ 5LFKDUG *DEULHO ZKR
HPSKDVL]HV WKDW WKH ۢSDࡉHUQV DQG WKH VRFLDO SURFHVV IRU DSSO\LQJ WKHP DUH GHVLJQHG WR SUR
GXFH RUJDQLF RUGHU WKURXJK SLHFHPHDO JURZWKۣ *DEULHO  S  ॡLV FULWHULRQ LV KHUH
DSSOLHG WR WKH JURZWK RI WKH SD॔HUQ ODQJXDJH LWVHOI ॡLV VHFWLRQ GUDZV RQ WKH WKHPDWLF
GLVFXVVLRQ IURP WKH SUHYLRXV VHFWLRQ DQG DOLJQV XVHU IHHGEDFN ZLWK WKH H[LVWLQJ SD॔HUQ
ODQJXDJH LQ WKH SURFHVV RI GHVFULELQJ WKUHH QHZ SD॔HUQV $ GLVFXUVLYH SUHVHQWDWLRQ
LV SUHVHQWHG ਖ਼UVW IROORZHG E\ D VXPPDU\ XVLQJ WHPSODWH IURP 7DEOH  >i S @ LQ
7DEOHV ۙ ZKLFK DSSHDU DW WKH HQG RI WKLV VHFWLRQ
)URQWHQG DQG %DFNHQG
$OWKRXJK PDWKHPDWLFV LV D UHODWLYHO\ IRUPDO GRPDLQ PDQ\ RI WKH PRWLYDWLRQV IRU
XVLQJ 3ODQHW0DWKPDS RQWR =LPPHUPDQ DQG &DPSLOOR۟V  GLPHQVLRQV RI ۢLQIRUPDOۣ
SUREOHP VROYLQJ ,QIRUPDO SUREOHPV DUH ۢDUH SHUVRQDOO\ GHडQHGۣ DQG SRVVHVV ۢRSHQHQGHG
ERXQGDU\ FRQGLWLRQVۣ WKH\ DUH VLWXDWHG ZLWKLQ DQ RSHQ ZRUOG ۢ)RUPDOۣ PRWLYDWLRQV FDQ
W\SLFDOO\ EH DGGUHVVHG E\ D JHQHUDOL]HG ORRNXS DSSURDFK IRU LQVWDQFH E\ UHDGLQJ WKH
PDQXDO RU UXQQLQJ WKH DOJRULWKP $Q DFTXDLQWDQFH ZLWK WKH IRUPDO IHDWXUHV RI PDWK
HPDWLFDO SUREOHP VROYLQJ LV XVXDOO\ VHHQ DV D SUHUHTXLVLWH IRU HQJDJLQJ FRQVWUXFWLYHO\
ZLWK WKH PRUH LQIRUPDO DFWLYLWLHV RI PDWKHPDWLFV UHVHDUFK ZKLFK LQYROYHV VFUDWFK ZRUN
VHUHQGLSLW\ DQG YDULRXV KXPDQ IDFWRUV ॡLV GLFKRWRP\ VXJJHVW D QHZ DQG LPSRUWDQW
SD॔HUQ OLQNHG WR WKH & PRGHO GHYHORSHG LQ FRQYHUVDWLRQV ZLWK563 )LJXUH  ॡH
SD॔HUQ FRXOG EH FDOOHG )URQWHQG DQG %DFNHQG $ VLPLODU GLVWLQFWLRQ ZDV SURSRVHG E\
5HXEHQ +HUVK  D॑HU *R੘PDQ  +HUVK FRPSDUHV WKH ۢIURQWۣ RI PDWKHPDWLFV
WR WKH VHDWLQJ DUHD RI D UHVWDXUDQW DQG WKH ۢEDFNۣ ZLWK WKH NLWFKHQ ,Q WKLV PHWDSKRU WKH
VXJJHVWLRQ LV WKDW WKH IURQW LV PLVOHDGLQJO\ QHDW DQG WKH EDFN UHDOLVWLFDOO\ PHVV\ ॡLV
FRUUHVSRQGV ZLWK ॡXUVWRQ۟V SHUVSHFWLYH RQ ZUL॔HQ PDWKHPDWLFV >i S @
+RZHYHU UDWKHU WKDQ IRFXVLQJ RQ GHJUHHV RI IRUPDOLW\ WKH )URQWHQG DQG %DFNHQG
SD॔HUQ LV SHUKDSV EHVW XQGHUVWRRG LQ UHODWLRQ WR WKH 1HZFRPHU SD॔HUQ 7\SLFDOO\ RQH
ZLOO QRW H[SHFW WKH XVHU RI D V\VWHP WR NQRZ KRZ WR RU EH PRWLYDWHG WR ZRUN ZLWK
EDFNHQG IHDWXUHV XQWLO WKH\ KDYH PDVWHUHG DW OHDVW VRPH RI WKH IURQWHQG IHDWXUHV )RU
H[DPSOH \RX KDYH WR HDW EHIRUH \RX FDQ FRRN DQG LW ZRXOG EH UDUH WR ਖ਼QG DQ DXWR
PHFKDQLF ZKR GLG QRW NQRZ KRZ WR GULYH 'DYLG &DYDOOR ४ ZURWH DERXW DQ ۢHQJLQH
FXOWXUHۣ LQ UXUDO ॡDLODQG LQ ZKLFK VWUXFWXUDOO\ RSHQ V\VWHPV EURXJKW DVSHFWV RI ZKDW
UHVLGHQWV RI PRUH PRGHUQL]HG UHJLRQV WKLQN RI DV ۢEDFNHQGۣ IHDWXUHV LQWR WKH ۢIURQWHQG ۣ
ॡDL IDUPHUV URXWLQHO\ PRYH RQH HQJLQH EHWZHHQ GL੘HUHQW SLHFHV RI IDUP PDFKLQHU\ IRU
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H[DPSOH ,Q PDWKHPDWLFV WH[WERRN SUREOHPV DUH VWDWHG LQ WHUPV RI D FHUWDLQ YRFDEXODU\
EXW IRU DOO EXW WKH VLPSOHVW SUREOHPV NQRZLQJ WKH GHਖ਼QLWLRQV RI WKH WHUPV LV QRW HQRXJK
WR VROYH WKH SUREOHP 2QH QHHGV WR XQGHUVWDQG KRZ WKH LGHDV ਖ਼W WRJHWKHU ॡH )URQWHQG
DQG %DFNHQG SD॔HUQ FOHDUO\ OHQGV LWVHOI WR VWDQGDUG VHUYLFH SURYLVLRQ DV IRU H[DPSOH LQ
2SHQ 8QLYHUVLW\ FRXUVHV ,W FDQ DOVR EH SDUW RI SDUDJRJLFDO DFWLYLW\ DV LQ563۟V SURSRVDO
WR IRFXV HQHUJ\ RQ VXSSRUWLQJ LQGLYLGXDO XVHUV E\ KHOSLQJ WKHP GHYHORS D KLJKTXDOLW\
VXEVLWH RQ WKHLU WRSLF RI LQWHUHVW >563@ >563@ ॡLV ZRXOG VLPXOWDQHRXVO\ LQIRUP
WKH GHYHORSPHQW RI YDULRXV UHSOLFDEOH EDFNHQG IHDWXUHV DQG KHOS UDLVH WKH SURਖ਼OH RI
WKH VLWH DV D ZKROH ॡH SD॔HUQ LV LQ WKLV ZD\ DVVRFLDWHG ZLWK $ 6SHFLडF 3URMHFW DQG
ZLWK WKH 5ROHV SD॔HUQ )URQWHQG DQG %DFNHQG DOVR FRQQHFWV ZLWK WKH LQVWUXPHQWDO DQG
LQWHUDFWLRQDO PRGHV RI HQJDJHPHQW GLVFXVVHG LQ &KDSWHU  >i SS @ ,I \RX RQO\
ZDQW WR NQRZ WKH DQVZHU RU LI \RXZLVK WR DYDLO \RXUVHOI RI D VHUYLFH WKDW FDQ EH UHQGHUHG
LQ D WUDQVDFWLRQDO PDQQHU WKHQ \RX FDQ XVXDOO\ VWD\ DW WKH OHYHO RI WKH IURQWHQG ,I
\RX ZDQW WR XQGHUVWDQG ZKDW۟V UHDOO\ JRLQJ RQ ۙ RU LI WKH VHUYLFH FDQ RQO\ EH UHQGHUHG
LQWHUDFWLRQDOO\ ۙ WKHQ \RX PD\ KDYH WR WDNH D ORRN DW ZKDW۟V KDSSHQLQJ LQ WKH EDFNHQG
6SDQQLQJ 6HW
ॡLV SD॔HUQ FRQQHFWV ZLWK %%۟V WKRXJKWV DERXW XVLQJ WRSLF DUWLFOHV DV D PDS WR WKH
FRQWHQW <RX PD\ EH DEOH WR JHW ZKDW \RX QHHG ZLWKRXW GLJJLQJ ۙ EXW LI \RX GR QHHG
WR GLJ LW ZRXOG EH YHU\ JRRG WR JHW VRPH LQGLFDWLRQ DERXW ZKLFK GLUHFWLRQ WR GLJ LQ
%%۟V SURSRVDO LV VLPLODU WR DQ LGHD GHVFULEHG LQ D VHPDQWLF ZHE FRQWH[W E\ .DWHULQD
7]RPSDQDNL DQG 0DUWLQ 'RHUU 7]RPSDQDNL 	 'RHUU ३ ४
,Q RUGHU WR RYHUFRPH WKH SUREOHP RI HठHFWLYH VHDUFKLQJ >    @ZH SURSRVH D TXHU\LQJ V\V
WHP IRU VHPDQWLF QHWZRUNV EDVHG RQ D IHZ IXQGDPHQWDO FDWHJRULHV )&V DQG ELQDU\
UHODWLRQVKLSV )5V ࡍHVH FDWHJRULHV DUH ڨEDVH FODVVHVک FRYHULQJ WKH GRPDLQ DQG WKH
UHODWLRQVKLSV DUH GHGXFWLRQV IURP FRPSOH[ SDWK H[SUHVVLRQV RI DOO VRUWV RI GHHS UHODWLRQ
VKLSV DQG GRFXPHQWDWLRQ DOWHUQDWLYHV LQ D PXFK ULFKHU DQG PRUH VSHFLDOL]HG VHPDQWLF
QHWZRUN>@ 7]RPSDQDNL 	 'RHUU ३
%%۟V SURSRVDO DQG WKH LQWHUSUHWDWLRQ DERYH SRLQW WR DQRWKHU SD॔HUQ UHODWHG WR EXW GLV
WLQFW IURP )URQWHQG DQG %DFNHQG ۙ WKH 6SDQQLQJ 6HW ॡLV PD\ EH PDGH XS RI PHGLD
REMHFWV RU RI SHRSOH ,Q D VWDQGDUG FRXUVH PRGHO WKHUH LV RQH FHQWUDO QRGH WKH WHDFKHU
ZKR LV ODUJHO\ UHVSRQVLEOH IRU DOO FRXUVH FRPPXQLFDWLRQ ,Q 28 PDWKHPDWLFV FRXUVHV
WKLV PRGHO LV VFDOHG XS DV %$ LQGLFDWHG
>(@YHU\RQHڥV DOORFDWHG D FRXUVH WXWRU ZKR PLJKW WDNH RQ MXVW D KDOIGR]HQ VWXGHQWV ڟ
VR WKH\ڥUH QRW WKH RYHUDOO SHUVRQ LQ FKDUJH RI WKH FRXUVH E\ DQ\ PHDQV >%$@
*LYHQ VXਜ਼FLHQW GHPDQG WKH PRGHO FRXOG EH H[WHQGHG WR FRXUVHV RU OHDUQLQJ SODWIRUPV

i 3DWWHUQ DQDO\VLV
WKDW DUH DUELWUDULO\ ODUJH )RU LQVWDQFH WKLV FDQ EH GRQH YLD D PDVWHUDSSUHQWLFH V\VWHP
LQ ZKLFK HYHU\ DSSUHQWLFH LV VXSHUYLVHG E\ D FHUWLਖ਼HG PDVWHU ,Q WKH W\SLFDO RQOLQH 4	$
FRQWH[W WKHVH UROHV DUH PDGH GLVWULEXWHG DQG DUH EH॔HU PRGHOHG E\ SRZHU ODZV WKDQ E\
IRUPDO JUDGDWLRQV
ॡHUH DUH LQWHUPHGLDWH PRGHV 6WHSKHQ 'RZQHV LV FRUUHFW WKDW D VWDU JUDSK 6N ZLWK
N VWXGHQWV DQG फ WHDFKHU GRHV QRW ZRUN ZHOO IRU OHDUQLQJ SXUSRVHV DV N JURZV∗ ॡLV LV
D SUREOHP RI &DUU\LQJ &DSDFLW\ +RZHYHU D (M, N)ELUHJXODU JUDSK LQ ZKLFK HYHU\ RQH
RI M WHDFKHUV KDV N VWXGHQWV GRHV QRW KDYH WKH VDPH SUREOHPV LI M JURZV DORQJ ZLWK N $
JLYHQ GLVFXVVLRQ JURXS RI  SHUVRQV WKDW LV GLYLGHG DFFRUGLQJ WR WKH VRFDOOHG 
UXOHۦ ZRXOG KDYH  OXUNHUV  FRQWULEXWRUV DQG  FRQWHQW FUHDWRU ॡLV LV ZKDW RQH
PLJKW REVHUYH IRU H[DPSOH LQ D FODVVURRP ZLWK D OHFWXUH IRUPDW ॡH V\VWHP ZRXOG
SUHVXPDEO\ VKL॑ LI LW ZDV EURNHQ XS LQWR VPDOOHU JURXSV )RU H[DPSOH VXSSRVH HDFK RI
WKH  FRQWULEXWRUV OHDGV D VPDOO GLVFXVVLRQ JURXS RI  SHUVRQV ॡH ZRUVW FDVH VFHQDULR
IRU DW WKLV VFDOH LV D ۢ UXOHۣ EXW LW VHHPV UHDVRQDEOH WR H[SHFW ۢۣ RU EH॔HU
'DYLG &DYDOOR ZURWH WKDW LQ KLV UHVHDUFK ZLWK /RJR WKH JRDO ۢLV QRW RQO\ >ZRUNLQJ@
IRU WKH EHQHडW RI RWKHUVۣ EXW DOVR ۢWR KHOS WKH GHYHORSHUV WKHPVHOYHV IRUPDOL]H DQG PDNH
UREXVW WKH NQRZOHGJH UHTXLUHG WR DFFRPSOLVK WKH SURMHFWۣ &DYDOOR ४ S  ॡLV
SULQFLSOH FDQ EH DSSOLHG DW HYHU\ OHYHO LQ SDUDJRJLFDO SURMHFWV ,W PD\ EH HPERGLHG E\
WKH PHPEHUV RU HOHPHQWV RI D 6SDQQLQJ 6HW )RU LQVWDQFH LW ZRXOG EH ZRUWKZKLOH WR
PDNH WKH 3ODQHW0DWK HQF\FORSHGLD LQWR DQ H੘HFWLYH 6SDQQLQJ 6HW IRU D ZLGH UDQJH RI
PDWKHPDWLFV TXHVWLRQV ,Q VRPH FDVHV D 6SDQQLQJ 6HW DOUHDG\ H[LVWV LQ D FRQFHDOHG IRUP
)RU LQVWDQFH WKH 3ODQHW0DWK SURMHFW KDV DQ H[LVWLQJ +HDUWEHDW LQ WKH IRUP RI TXDUWHUO\
ERDUG PHHWLQJV DQG ZHHNO\ LQIRUPDO GLVFXVVLRQV ॡLV IXQFWLRQV DV D 6SDQQLQJ 6HW IRU
VWD\LQJ XS WR GDWH LQ WKH SURMHFW۟V DFWLYLWLHV ۙ IRU WKRVH ZKR D॔HQG ,W VKRXOG EH SRVVLEOH
WR VFDOH XS WKH LQIRUPDO GLVFXVVLRQV VRPHZKDW VLPSO\ E\ DGYHUWLVLQJ WKHP PRUH ZLGHO\
DV 563 UHPDUNHG
>7@KLQJV OLNH UHVWDUWLQJ WKH FRPPXQLW\ GLVFXVVLRQV IRU H[DPSOH RXU KDYLQJ RXU ࡍXUV
GD\ WKLQJV RQFH D PRQWK ZLWK PRUH SHRSOH VKRZLQJ XS 1RQH RI WKHVH UHDOO\ UHTXLUH
XV WR EXLOG DQ\ QHZ VRࡆZDUH RU GR DQ\WKLQJ WRR WLPH FRQVXPLQJ >563@
6LPLODUO\ ۢ3UHYLHZVۣ RI IHDWXUHVLQGHYHORSPHQW ZRXOG KHOS LOOXVWUDWH H[LVWLQJ SULRULWLHV
WR SHRSOH ZKR PD\ ZDQW WR NQRZ ZKDW۟V FRPLQJ QH[W DQG KRZ WKH\ FDQ JHW LQYROYHGۧ
ॡHVH H[DPSOHV VKRZ KRZ LQPDQ\ FDVHV WKH LGHD RI D 6SDQQLQJ 6HW FDQ UHਖ਼QH WKH SD॔HUQ
IRU&UHDWLQJ D *XLGH 0DNLQJ LW FOHDU ZKDW SHRSOH FDQ GRZLOO KHOS NHHS WKHP IURPKDYLQJ
WR JR WRR IDU RXW RI WKHLU ZD\ ZKHQ LW FRPHV WLPH WR GHFLGH ZKDW WR GR
∗?iiT,ffrrrXbHB/2b?`2XM2if.QrM2bfi?2@+QMM2+iBpBbi@H2`MBM;@2MpB`QMK2Mi 6OLGH 
ۦ?iiT,ffrrrXrBFBTii2`MbX+QKf/BbTHvfrBFBTii2`Mbfळप@ळ@फYh?2Q`v
ۧ?iiTb,ff;Bi?m#X+QKf?QHix2`KMMफऱfTHM2iKi?@/Q+bfBbbm2b\H#2Hb4S_1oA1q

&KDSWHU  8VHU (YDOXDWLRQ
0LQLPXP 9LDEOH 3URMHFW
ॡH 0LQLPXP 9LDEOH 3URGXFW DSSURDFK WR VR॑ZDUH GHYHORSPHQW LV DERXW SX॔LQJ
VRPHWKLQJ RXW WKHUH WR VHH LI WKH FXVWRPHU ELWHV 5LHV  $QRWKHU DSSURDFK UHODWHG
WR WKH SD॔HUQ MXVW GLVFXVVHG LV WR PDNH LW FOHDU ZKDW SHRSOH FDQ GR ZLWK ZKDW۟V WKHUH
DQG VHH LI WKH\ HQJDJH :H PLJKW FDOO WKLV WKH0LQLPXP 9LDEOH 3URMHFW DQ DGMXQFW WR WKH
5RDGPDS SD॔HUQ DQG D QHZ LQWHUSUHWDWLRQ RI WKH HDUOLHU SD॔HUQ $ 6SHFLडF 3URMHFW
:KDW PDNHV D SURMHFW ۢYLDEOHۣ" %HHU  HPSKDVL]HV WKH IHDWXUH RI UHFXUVLYLW\
YLDEOH V\VWHPV DUH W\SLFDOO\ PDGH XS RI VPDOOHU YLDEOH V\VWHPV ॡLV DJDLQ VXJJHVWV WKDW
RQH ZD\ WR VWUHQJWKHQ WKH 3ODQHW0DWK SURMHFW DV D ZKROH ZRXOG EH WR IRFXV RQ VXSSRUW
IRU LQGLYLGXDO SURMHFWV ॡH IURQW SDJH RI WKH ZHEVLWH FRXOG EH UHGHVLJQHG VR WKDW WKH
WRSOHYHO YLHZ RI WKH VLWH LV SURMHFW IRFXVHG ,QVWHDG RI FROOHFWLQJ DOO RI WKH SRVWV IURP
DFURVV WKH VLWH ۙ RU HYHQ DOO RI WKH WKUHDGV IURP DFURVV WKH VLWH ۙ WKH IURQW SDJH FRXOG
FROOHFW VXFFLQFW VXPPDU\ LQIRUPDWLRQ RQ UHFHQWO\ DFWLYH SURMHFWV DQG OLVW WKH QXPEHU RI
DFWLYH SRVWV LQ HDFK D॑HU WKH PRGHO RI 6WDFN([FKDQJH TXHVWLRQV RU 6ODVKGRW VWRULHV )RU
LQVWDQFH HDFK 0DWKHPDWLFV 6XEMHFW &ODVVLਖ਼FDWLRQ FRXOG EH GHVLJQDWHG DV D ۢVXESURMHFWۣ
DQG WKHUH FRXOG EH PDQ\ RWKHU FURVVFX॔LQJ RU VPDOOHUVFDOH SURMHFWV ॡLV SRLQWV WR DQ
LPSRUWDQW V\QWDFWLF PRGLਖ਼FDWLRQ WR 7DEOH  >i S @ ۙ LQWURGXFLQJ WKH SURMHFW DV D
FRQWDLQHU IRU RWKHU SURGXFWLRQV 5DWKHU WKDQ KDYLQJ DOO RI WKH FKDLQV VKRZ XS LQ RQH
FRQWDLQHU HDFK SURMHFW ZRXOG SUHVHQW D GLVWLQFW FRQWH[W IRU FRQVWUXFWLRQV 8VLQJ WKH
JUDPPDWLFDO PHWDSKRU UHODWLRQVKLSV EHWZHHQ SURMHFWV ZRXOG EH VLPLODU WR DQDSKRUD DV
D UHODWLRQVKLS EHWZHHQ VHQWHQFHV
$ YLDEOH V\VWHP LV DOZD\V ۢRUJDQL]HG ZLWK UHVSHFW WR ZKDW LW LV QRWۣ 'HDFRQ  ,Q
RWKHU ZRUGV HDFK SURMHFW ZLOO KDYH D )URQWHQG DQG %DFNHQG ॡLV VXJJHVWV WKDW SURMHFWV
PRGHO WKHLU RXWFRPHV WR VRPH GHJUHH RI ਖ਼GHOLW\ DQG WKDW WKH\ DUH PDGH YLDEOH E\ IHD
WXUHV WKDW FRQQHFW WR WKH PRWLYDWLRQV DQG DPELWLRQV RI SRWHQWLDO SDUWLFLSDQWV ,Q DGGLWLRQ
WR WKH EDVLF IHDWXUH RI UHFXUVLYLW\ %HHU۟V  GLPHQVLRQV RI YLDEOH V\VWHPV ZKLFK FDQ
EH DSSOLHG WR VWXG\ DQ\ SURMHFW ۙ RU SD॔HUQ DUH
 ࢌH HOHPHQWV WKDW SURGXFH WKH V\VWHP
 ,QIRUPDWLRQ FKDQQHOV IRU FRPPXQLFDWLRQ EHWZHHQ WKH HOHPHQWV
 ,QWHUQDO FRQWUROUHJXODWLRQ V\VWHPV
 6HQVRUV DQG UHJXODWRUV DORQJ WKH RXWHU ERXQGDU\
 3ROLF\ GHFLVLRQV JRYHUQLQJ WKH V\VWHP DV D ZKROH

i 3DWWHUQ DQDO\VLV
)URQWHQG DQG %DFNHQG $ VHSDUDWLRQ RI FRQFHUQV
'Hक़QLWLRQ ॡH SDUW RI WKH V\VWHP XVHUV VHH LV R॑HQ FRQQHFWHG WR D ۢEDFNHQGۣ
WKDW WKH\ GRQ۟W LQWHUDFW ZLWK DV PXFK :RUNLQJ ZLWK WKH IURQWHQG LV PRUH
IRUPDO DQG UXOHERXQG ZKLOH ZRUNLQJ ZLWK WKH EDFNHQG LV UHODWLYHO\ LQIRUPDO
3UREOHP ॡH LGHD RI )URQWHQG DQG %DFNHQG LV UHODWHG WR WKH 1HZFRPHU
SD॔HUQ W\SLFDOO\ RQH ZLOO QRW H[SHFW WKH XVHU RI D V\VWHP WR NQRZ KRZ WR RU
WR EH PRWLYDWHG WR ZRUN ZLWK DQ\ RI WKH EDFNHQG IHDWXUHV RI D V\VWHP XQWLO
WKH\ KDYH PDVWHUHG DW PDQ\ RI WKH IURQWHQG IHDWXUHV ۢ8VHUVۣ WHQG WR H[SHFW D
OHYHO RI VHUYLFH SURYLVLRQ ۙ DQG QHZ XVHUV R॑HQ UHTXLUH VRPH KDQGKROGLQJ
6ROXWLRQ ॡH SD॔HUQ RI )URQWHQG DQG %DFNHQG OHQGV LWVHOI WR VWDQGDUG VHUYLFH
SURYLVLRQ DQG WUDQVDFWLRQDO PRGHOV RI H[FKDQJH +RZHYHU LW FDQ DOVR EH SDUW
RI FRPPRQV EDVHG SHHU SURGXFWLRQ LI SHRSOH DUH ZLOOLQJ WR SXW LQ WKH ZRUN
6RSKLVWLFDWHG ROGWLPHUV FDQ IRFXV HQHUJ\ RQ VXSSRUWLQJ LQGLYLGXDO QHZFRPHUV
E\ KHOSLQJ WKHP GHYHORS D KLJKTXDOLW\ VXLWH RI FRQWHQW DQG WRROV IRFXVHG RQ
WKHLU WRSLF RI LQWHUHVW 5Hਗ਼HFWLRQ RQ WKLV SURFHVV FDQ LQIRUP WKH GHYHORSPHQW
RI WKH V\VWHP EDFNHQG ,Q DGGLWLRQ WKH QHZ FRQWHQW FDQ KHOS WR UDLVH WKH
SURਖ਼OH RI WKH VLWH DV D ZKROH ॡLV SD॔HUQ LV DVVRFLDWHG ZLWK IRFXVLQJ RQ $
6SHFLडF 3URMHFW IROORZLQJ WKH LQWHUHVWV RI WKH QHZFRPHUV DQG ZLWK WKH 5ROHV
SD॔HUQ VLQFH LW UHTXLUHV D FRPPL॔HG DQG NQRZOHGJHDEOH PHQWRU ZKR OHDUQ
IURP ZRUNLQJ ZLWK QHZFRPHUV
&KDOOHQJHV 6LPXOWDQHRXVO\ PHQWRULQJ QHZFRPHUV DQG ZRUNLQJ RQ V\VWHP
IHDWXUHV FRQVWLWXWHV D PDMRU FRPPLWPHQW ,I WKLV ZRUN FDQ EH VSUHDG RXW DPRQJ
VHYHUDO YROXQWHHUV ۙ RU SRVVLEO\ SDLG VWD੘ ۙ WKLV FRXOG KDYH VRPH DGYDQWDJHV
'HSHQGLQJ RQ WKH QDWXUH RI WKH SURFHVV SURYLGLQJ D VLQJOH SRLQW RI FRQWDFW IRU
WKH XVHU PD\ VWLOO EH WKH PRVW VWUDLJKWIRUZDUG
([DPSOH 'DYLG &DYDOOR ZURWH DERXW DQ HQJLQH FXOWXUH LQ UXUDO ॡDLODQG LQ
ZKLFK VWUXFWXUDOO\ RSHQ V\VWHPV PDGH WLQNHULQJ ZLWK WKH ۢEDFNHQGۣ IHDWXUHV RI
LQWHUQDO FRPEXVWLRQ HQJLQHV D SDUW RI GDLO\ OLIH &DYDOOR REVHUYHG WKDW SHRSOH
ZKR ZHUH IDPLOLDU ZLWK WLQNHULQJ ZLWK HQJLQHV WHQGHG WR EH DEOH WR OHDUQ KRZ
WR WLQNHU ZLWK VR॑ZDUH VXJJHVWLQJ WKDW WKHUH DUH VRPH FRPPRQ XQGHUO\LQJ
LQIRUPDO UHDVRQLQJ VNLOOV
:KDWژV 1H[W $W 3ODQHW0DWK ZH KDYH DQ RSHQ HQJLQH EXW QRW \HW DQ RSHQ
HQJLQH FXOWXUH $ORQJ ZLWK FRQWLQXHG ZRUN WR VHUYH DQG XQGHUVWDQG VSHFLਖ਼F
XVHUV E\ IRFXVLQJ RQ VSHFLਖ਼F DQG FRQFUHWH XVH FDVHV ZH ZLOO ZDQW WR EXLOG
SDWKZD\V IRU PHDQLQJIXO XVHU LQYROYHPHQW LQ ZRUN ZLWK WKH VR॑ZDUH V\VWHP
7DEOH  ࡍH )URQWHQG DQG %DFNHQG SDࡉHUQ
&KDSWHU  8VHU (YDOXDWLRQ
6SDQQLQJ 6HW )ROORZ WKH SDWKV LQ WKH JUDVV
'Hक़QLWLRQ :LWK D ZHOOFRQVWUXFWHG LQIRUPDWLRQ DFFHVV V\VWHP \RX PD\
EH DEOH WR JHW ZKDW \RX QHHG ZLWKRXW GLJJLQJ ,I \RX GR QHHG WR GLJ
LW LV YHU\ JRRG WR JHW VRPH LQGLFDWLRQ DERXW ZKLFK GLUHFWLRQ WR GLJ LQ
$W WKH OHYHO RI FRQWHQW WKLV PD\ EH DFKLHYHG E\ XVLQJ KLJKOHYHO ۢWRSLF
DUWLFOHVۣ DV D QDUUDWLYH PDS WR WKH FRQWHQW ,Q JHQHUDO WKH 6SDQQLQJ 6HW
PD\ LQFOXGH SHRSOH DV ZHOO DV OHVV G\QDPLF PHGLD REMHFWV $ VSDQQLQJ VHW
LV FRPSULVHG RI D VHW RI IXQGDPHQWDO DFWLRQV HJ DVNLQJ D TXHVWLRQ DQG
IXQGDPHQWDO UHODWLRQVKLSV EHWZHHQ UHVRXUFHV
3UREOHP 3HRSOH QHHG WR NQRZ ZKDW FDQ EH GRQH ZLWK D JLYHQ UHVRXUFH
DQG WKLV LVQ۟W DOZD\V REYLRXV 5HO\LQJ RQ D VLQJOH NQRZOHGJHDEOH JXUX
ਖ਼JXUH LVQ۟W DOZD\V SRVVLEOH
6ROXWLRQ $ V\VWHP۟V IHDWXUHV FDWHJRULHV DQG UHODWLRQV FDQ EH FRPSULVHG
RI PDQ\ GL੘HUHQW NLQGV RI FRPSRQHQWV DQG LW QHHGV WR EH RUJDQL]HG
LQ DSSURSULDWH ZD\V )RU H[DPSOH D ۢVWDUW PHQXۣ RU SRSXS ZLQGRZ
VKRZLQJ NH\ERDUG VKRUWFXWV FDQ VKRZ ZKDW FDQ EH GRQH ZLWK D JLYHQ WRRO
D VFKHGXOH RI Rਜ਼FH KRXUV FDQ VKRZ SHRSOH ZKHQ DQG ZKHUH WKH\ FDQ ਖ਼QG
KHOS DQG WRSLFOHYHO QDUUDWLYH JXLGHV WR FRQWHQW FDQ VKRZ SHRSOH ZKHUH
WR UHDG PRUH
([DPSOHV &UHDWLQJ D *XLGH DQG +HDUWEHDW ERWK SURGXFH VSDQQLQJ VHWV
,Q D VWDQGDUG FRXUVH PRGHO WKHUH LV RQH FHQWUDO QRGH WKH WHDFKHU ZKR
LV UHVSRQVLEOH IRU DOO WHDFKLQJ DQG FRXUVH FRPPXQLFDWLRQ DQG DQVZHULQJ
VWXGHQW TXHVWLRQV ,Q ODUJH FRXUVHV WKLV PRGHO LV VRPHWLPHV VFDOHG XS
WKURXJK WXWRUV DQG 7$V ,Q D ODUJH 022& D ۢVSDQQLQJ VHWۣ RI SHHU WXWRUV
FRXOG KHOS JLYH HYHU\RQH SHUVRQDO D॔HQWLRQ ,Q 4	$ VLWHV WKHVH UROHV DUH
GLVDJJUHJDWHG DQG GLVWULEXWHG
&KDOOHQJHV )URP WKH SHUVSHFWLYH RI )URQWHQG DQG %DFNHQG SULQFLSOHV
DQG IHDWXUHV DUH YLVLEOH DV SDUW RI D V\VWHP۟V ۢIURQWHQGۣ ۙ EXW WKH VSDQ
QLQJ VHW RI UHOHYDQW EHKDYLRUV WHQGV WR EH HPHUJHQW ,I DQ\ LQGLYLGXDO
WULHV WR VSDQ WRR PXFK WKH\ ZLOO JHW VSUHDG WRR WKLQ VHH &DUU\LQJ &DSDFLW\
:KDWژV 1H[W $V D SURMHFW ZLWK DQ HQF\FORSHGLF FRPSRQHQW 3ODQHW0DWK
FDQ EH XVHG WR VSDQ DQG RUJDQL]H D VLJQLਖ਼FDQWO\ ODUJHU ERG\ RI H[LVWLQJ
PDWHULDO ॡH KLJKOHYHO LGHD LV WKDW RI D ۢFURVVLQGH[ۣ WR WKH PDWKHPDW
LFV OLWHUDWXUH ,QLWLDO SURWRW\SHV VKRXOG EH EXLOW IRU VPDOOHU GRPDLQV IRU
H[DPSOH &DOFXOXV RU 0DWKHPDWLFDO %LRORJ\
7DEOH  ࡍH 6SDQQLQJ 6HW SDࡉHUQ
i 3DWWHUQ DQDO\VLV
0LQLPXP 9LDEOH 3URMHFW +DUG ZRUN IRU QR SD\" :KHUH GR , VLJQ XS"
'Hक़QLWLRQ ॡH 0LQLPXP 9LDEOH 3URGXFW DSSURDFK WR VR॑ZDUH GHYHORSPHQW
LV DERXW SX॔LQJ VRPHWKLQJ RXW WKHUH WR VHH LI WKH FXVWRPHU ELWHV $QRWKHU
DSSURDFK EXLOGLQJ RQ WKH QRWLRQ RI D 6SDQQLQJ 6HW LV WR PDNH LW FOHDU WR 1HZ
FRPHUV ZKDW WKH\ FDQ GR ZLWK ZKDW۟V WKHUH DQG VHH LI WKH\ HQJDJH :KHUHDV
D 5RDGPDS OD\V RXW D SODQ IRU $ 6SHFLडF 3URMHFW WKDW FRXOG JR QRZKHUH D
0LQLPXP 9LDEOH 3URMHFW LV RQH WKDW SHRSOH ZLOO DFWXDOO\ HQJDJH ZLWK
3UREOHP 0LQLPXP 9LDEOH 3URMHFWV PD\ KDYH D VRPH IHDWXUHV LQ FRPPRQ DQG
WKHVH SD॔HUQV FRXOG EH VWXGLHG XVLQJ WKH IHDWXUHV RI YLDEOH V\VWHPV LQ JHQHUDO
+RZHYHU WKH SURRI LV LQ WKH SXGGLQJ VR ZH HVSHFLDOO\ QHHG D PHWKRGRORJ\ IRU
WU\LQJ WKLQJV RXW
6ROXWLRQ ॡH SURSRVDO LV WR WDNH D SURMHFWRULHQWHG YLHZ RQ HYHU\WKLQJ
8QGHUVWDQG DFWLRQV DQG DUWLIDFWV DV EHLQJ HPEHGGHG ZLWKLQ SURMHFWV PRGHOLQJ
SURMHFWV LQ WHUPV RI XVHU H[SHULHQFH DQG V\VWHP IHDWXUHV SHU )URQWHQG DQG
%DFNHQG :KHUH SRVVLEOH SURMHFW XSGDWHV FDQ EH PRGHOHG ZLWK D ODQJXDJH
RI IXQGDPHQWDO DFWLRQV SHU 6SDQQLQJ 6HW 3URMHFWV WKHPVHOYHV PRGHO WKHLU
RXWFRPHV WR VRPH GHJUHH RI ਖ਼GHOLW\ DQG WKH\ DUH PRVW OLNHO\ WR EH YLDEOH LI
WKH\ KDYH IHDWXUHV WKDW FRQQHFW WR WKH PRWLYDWLRQV DQG DPELWLRQV RI SRWHQWLDO
SDUWLFLSDQWV ॡH SUDFWLFDO VLGH RI WKLV SURSRVHG VROXWLRQ ZLOO EH WR EXLOG
V\VWHPV WKDW FDQ H[SUHVV DOO RI WKHVH DVSHFWV RI SURMHFWV DQG VWXG\ ZKDW ZRUNV
LQ SUDFWLFH
&KDOOHQJHV ॡHUH DUH PDQ\ GL੘HUHQW NLQGV RI SURMHFWV RSHUDWLQJ DW GL੘HUHQW
VFDOHV DQG ZLWK GL੘HUHQW NLQGV RI DFWRUV LQYROYHG (DFK SURMHFW ZLOO KDYH LWV
RZQ )URQWHQG DQG %DFNHQG ZKLFK ZLOO GHਖ਼QH LQWHUIDFHV WR RWKHU SURMHFWV DQG
WKLV FRXOG JHW FRPSOLFDWHG
:KDWژV 1H[W ॡH IURQW SDJH RI WKH ZHEVLWH FRXOG EH UHGHVLJQHG VR WKDW WKH
WRSOHYHO YLHZ RI WKH VLWH LV SURMHFW IRFXVHG ॡDW LV LQVWHDG RI FROOHFWLQJ DOO RI
WKH SRVWV IURP DFURVV WKH VLWH ۙ RU HYHQ DOO RI WKH WKUHDGV IURP DFURVV WKH VLWH ۙ
WKH IURQW SDJH ZRXOG FROOHFW VXFFLQFW VXPPDU\ LQIRUPDWLRQ RQ UHFHQWO\ DFWLYH
SURMHFWV
7DEOH  ࡍH0LQLPXP 9LDEOH 3URMHFW SDࡉHUQ
&KDSWHU  8VHU (YDOXDWLRQ
 7UDQVODWLQJ WR D SDWWHUQEDVHG GHVLJQ
ॡH GHVLJQ GLPHQVLRQV WKDW JXLGHG LPSOHPHQWDWLRQ LQ &KDSWHU  FDQ EH UHDVVHVVHG
LQ OLJKW RI WKLV VWXG\ )XUWKHU ZRUN RQ WKH SURMHFW FDQ EH WUDQVODWHG LQWR WR D SD॔HUQ
EDVHG GHVLJQ FHQWHUHG RQ WKH WKUHH SD॔HUQV VXPPDUL]HG LQ 7DEOHV   DQG  ZKHUH
FRQQHFWLRQV WR RWKHU SD॔HUQV IURP 5KHLQJROG HW DO  DUH LQGLFDWHG
5DWKHU WKDQ GHVFULELQJ WKH LPSOHPHQWDWLRQ SURMHFW LQ WHUPV RI  D VSHFLDOSXUSRVH
WRRO FXVWRPL]HG WR VXLW WKH FKDOOHQJHV RI OHDUQLQJ PDWKHPDWLFV WKDW ZRXOG VXSSRUW  DQ
DFWLYH DQG LQWHUDFWLYH SURFHVV FHQWHUHG RQ SUREOHP VROYLQJ WKHVH LGHDV FRXOG LQVWHDG EH
GHVFULEHG XVLQJ WKH LGHD RI D 6SDQQLQJ 6HW ॡH WRRO LV VSHFLDO SXUSRVH MXVW LQVRIDU DV
LW PDNHV WKH DFWLRQV WKDW DUH UHOHYDQW WR OHDUQLQJ PDWKHPDWLFV VXਜ਼FLHQWO\ FOHDU )RU
LQVWDQFH WKH QRWLRQ RI D 6SDQQLQJ 6HW FRXOG EH GHSOR\HG WR SURJUHVVLYHO\ FODULI\ WKH
FRPSOH[ QRWLRQ RI SUREOHP VROYLQJ E\ IRFXVLQJ RQ WKH IXQGDPHQWDO FDWHJRULHV DQG UHOD
WLRQVKLSV WKDW PDNH WKH VHDUFK IRU VROXWLRQV H੘HFWLYH $W WKH KHXULVWLF OHYHO D SD॔HUQ
FDWDORJ FRXOG EH XVHG IRU WKLV SXUSRVH DQG DSSOLHG WR UHDVVHVV WKH LPSOHPHQWDWLRQ
5DWKHU WKDQ IRFXVLQJ RQ WKH LVVXH RI  PRWLYDWLQJ XVHUV WR FRQWULEXWH SUREOHPV DQG
GLVFXVV VROXWLRQV ZH FRXOG LQVWHDG IRFXV RQ KRZ XVHUV EHFRPH LQYROYHG LQ $ 6SHFLडF
3URMHFW WKLQNLQJ RI WKHVH DV W\SLFDOO\ 0LQLPXP 9LDEOH 3URMHFWV 0LQLPDO ਖ਼UVW LQ VHQVH
WKDW WKH\ DUH R॑HQ EDVHG RQ UHODWLYHO\ VPDOOVFDOH RQHR੘ H[SHULPHQWV WKDW ZLOO QRW
QHHG WR EH UHSHDWHG RQFH WKH SURMHFW KDV UXQ WR FRPSOHWLRQ $QG VHFRQG LQ WKH EDVL
FDOO\ PLFURHFRQRPLF VHQVH WKDW XVHUV ZLOO RQO\ EH D॔UDFWHG WR SURMHFWV ZKLFK DUH VHHQ
WR FRQYH\ EHQHਖ਼WV LQ PDUJLQDO XWLOLW\ ॡH LVVXHV RI ۢWUXVWۣ DQG ۢFUHGLWۣ WKDW ZHUH KLJK
OLJKWHG LQ WKH LQLWLDO IRFXV JURXS DUH WZR VPDOO EXW LPSRUWDQW IDFHWV RI ZKDWPLJKWPDNH D
SURMHFW YLDEOH 8VHUV DOVR QHHG H[DPSOHV WR IROORZ WKDW VKRZ KRZ WKH\ FDQ JHW LQYROYHG
ॠHVWLRQDQVZHULQJ ۙ ZKLFK FRPSULVHG D NH\ VHW RI IHDWXUHV WKDW ZHUH LQWHQGHG WR PRWL
YDWH XVHUV WR FRQWULEXWH SUREOHPV ۙ DGGUHVVHV SULPDULO\ LQIRUPDWLRQDO QHHGV ॡLV VRUW
RI IHDWXUH GRHV OL॔OH WR DGGUHVV LQWHUDFWLRQDO QHHGV ZKLFK UREXVW VXSSRUW SURMHFWV ZRXOG
DFFRPSOLVK *URXSV RQ WKHLU RZQ GR QRW VHHP WR SURYLGH VXਜ਼FLHQW VWUXFWXUH $OO RI WKH
GLPHQVLRQV RI YLDEOH V\VWHPV %HHU  VKRXOG EH JLYHQ GXH FRQVLGHUDWLRQ LQ IXUWKHU
GHVLJQ DQG LPSOHPHQWDWLRQ ZRUN
)LQDOO\ LQGLYLGXDO SURMHFWV ۙ LQFOXGLQJ WKH VR॑ZDUH LPSOHPHQWDWLRQ SURMHFW ۙ FDQ 
VXSSRUW PDWKHPDWLFDO PHDQLQJ PDNLQJ ۙ EXW WKH GHWDLOV RI MXVW KRZ WKLV LV VXSSRUWHG
ZRXOG EH PDGH PRUH FOHDU XVLQJ WKH )URQWHQG DQG %DFNHQG SD॔HUQ ,Q SDUWLFXODU )URQ
WHQG DQG %DFNHQG LV GLUHFWO\ DVVRFLDWHGZLWK  VXSSRUW IRU EHKDYLRU WUDFNLQJ DQG VHPDQWLF
PRGHOLQJ ,I 3ODQHW0DWK XVHUV ZHUH PRUH HDVLO\ DEOH WR FURVV EHWZHHQ WKH PDWKHPDWL
FDO DQG FRPSXWDWLRQDO ZD\V RI WKLQNLQJ LQFOXGLQJ ZRUN ZLWK GDWD DQG DQDO\WLFV DV LQ
&KDSWHU  ZH ZRXOG EH ZHOO RQ RXU ZD\ WR EXLOGLQJ DQ ۢRSHQ HQJLQH FXOWXUHۣ

i 6XPPDU\
 6XPPDU\
ॡH OD\RXW RI )LJXUH  LV UHPLQLVFHQW RI WKHPRGHO RI JURXS LQIRUPDWLFV )LJXUH  >i
S @ IURP *RJJLQV HW DO  EXW LW DGGV PRUH ਗ਼H[LELOLW\ WR GHVFULEH WKH HPHUJHQW
FDWHJRU\ WKHVH HDUOLHU DXWKRUV FDOOHG ۢFRQWH[WXDOL]HG LQWHUDFWLRQVۣ ॡH DSSURDFK SURYLGHV
D ۢPHWDPRGHOۣ WKDW ORRNV IRU HPHUJHQW RUGHU UHODWLYH WR JLYHQ ERXQGDU\ FRQGLWLRQV $V
QHZ VWUXFWXUH IRUPV LW EHFRPHV SDUW RI WKH ERXQGDU\ FRQGLWLRQV IRU IXWXUH LWHUDWLRQV
)LJXUH  H[SOLFLWO\ VXJJHVWV DQ ۢRSHQ ZRUOGۣ PRGHO LQ WKH VHQVH WKDW SURMHFWV FDQ EH
KRRNHG WRJHWKHU ॡH GHVLJQ SD॔HUQ PHWKRGRORJ\ R੘HUV D SUDFWLFDO IRUP IRU D WKHRU\
RI SHHU OHDUQLQJ DQG SHHU SURGXFWLRQ LQ GLVWULEXWHG SURMHFWV &DUROLQH :DJQHU 
KLJKOLJKWV ۢHPHUJHQFHۣ DV RQH RI WKH NH\ IHDWXUHV EHKLQG WKH ULVH RI D ۢQHZ LQYLVLEOH
FROOHJHۣ DPRQJ JOREDOO\ QHWZRUNHG VFLHQWLVWV ॡH DSSURDFK VHHPV WR EH D JHQHUDO DQG
UHSOLFDEOH PHWKRG IRU GRLQJ RQJRLQJ HPHUJHQW GHVLJQ LQ D SHHU SURGXFHG SHHU OHDUQLQJ
FRQWH[W
,Q WKH FXUUHQW VH॔LQJ WKUHH GHVLJQ SD॔HUQV )URQWHQG DQG %DFNHQG 6SDQQLQJ 6HW DQG
0LQLPXP 9LDEOH 3URMHFW VXPPDUL]H WKH NH\ WDNHDZD\ IURP XVHU HQJDJHPHQW ZLWK 3ODQ
HW0DWK3ODQHWDU\ ,Q SDUWLFXODU WKH ۢ:KDW۟V 1H[Wۣ VHFWLRQV RI WKHVH SD॔HUQV VXJJHVW
SUDFWLFDO VWHSV WKDW GLUHFWO\ DGGUHVV WKH PDLQ UHVHDUFK TXHVWLRQ >i S @
ۨ $W 3ODQHW0DWK ZH KDYH DQ RSHQ HQJLQH EXW QRW \HW DQ RSHQ HQJLQH FXOWXUH $ORQJ
ZLWK FRQWLQXHG ZRUN WR VHUYH DQG XQGHUVWDQG VSHFLਖ਼F XVHUV E\ IRFXVLQJ RQ VSH
FLਖ਼F DQG FRQFUHWH XVH FDVHV ZH ZLOO ZDQW WR EXLOG SDWKZD\V IRU PHDQLQJIXO XVHU
LQYROYHPHQW LQ ZRUN ZLWK WKH VR॑ZDUH V\VWHP
ۨ $V D SURMHFW ZLWK DQ HQF\FORSHGLF FRPSRQHQW 3ODQHW0DWK FDQ EH XVHG WR VSDQ
DQG RUJDQL]H D VLJQLਖ਼FDQWO\ ODUJHU ERG\ RI H[LVWLQJ PDWHULDO ॡH KLJKOHYHO LGHD
LV WKDW RI D ۢFURVVLQGH[ۣ WR WKH PDWKHPDWLFV OLWHUDWXUH ,QLWLDO SURWRW\SHV VKRXOG
EH EXLOW IRU VPDOOHU GRPDLQV IRU H[DPSOH &DOFXOXV RU 0DWKHPDWLFDO %LRORJ\
ۨ ॡH IURQW SDJH RI WKH ZHEVLWH FRXOG EH UHGHVLJQHG VR WKDW WKH WRSOHYHO YLHZ RI WKH
VLWH LV SURMHFW IRFXVHG ॡDW LV LQVWHDG RI FROOHFWLQJ DOO RI WKH SRVWV IURP DFURVV WKH
VLWH ۙ RU HYHQ DOO RI WKH WKUHDGV IURP DFURVV WKH VLWH ۙ WKH IURQW SDJH ZRXOG FROOHFW
VXFFLQFW VXPPDU\ LQIRUPDWLRQ RQ UHFHQWO\ DFWLYH SURMHFWV


 'LVFXVVLRQ
 5HFDSLWXODWLRQ
, KDYH DUJXHG WKDW PDWKHPDWLFV LV D VRFLDOO\ VKDUHG V\PEROLFDOO\ ۙ DQG WHFKQRORJL
FDOO\ ۙ PHGLDWHG FXOWXUDO DFWLYLW\ ,Q OLJKW RI WKLV , DVNHG &RXOG OHDUQLQJ PDWKHPDWLFV
EHFRPHPRUH OLNH WKH OHDUQLQJ WKDW KDSSHQV LQ WKH FRXUVH RI GHYHORSLQJ IUHHRSHQ VRXUFH
VR॑ZDUH" :KLOH WKHRULHV RI SHGDJRJ\ FDQ KHOS XV XQGHUVWDQG FRQGLWLRQLQJ SUDFWLFHV
WKH\ IDLO WR PRGHO WKH SURGXFWLYH H[SOLFDWLQJ ZD\ LQ ZKLFK OHDUQLQJ XQIROGV LQ RQOLQH
SHHU SURGXFWLRQ FRPPXQLWLHV ZKLFK LV GHVFULEHG KHUH ZLWK D WKHRU\ RI SDUDJRJ\ ॡH
SDUDJRJ\ IUDPHZRUN , LQWURGXFHG VXJJHVWHG D ZD\ WR RUJDQL]H DQG VXUYH\ SULRU ZRUN LQ
DGMDFHQW ਖ਼HOGV DQG IRUPHG DQ RUJDQL]DWLRQDO WRRO XVHIXO DFURVV VHYHUDO VFDOHV WKURXJKRXW
WKH ZRUN ॡH FRUH UHVHDUFK PHWKRGRORJ\ DLPHG WR EXLOG D ۢWKLFN GHVFULSWLRQۣ RI PDWKH
PDWLFDO VRFLDO OLIH LQ WKH IRUP RI D ZRUNLQJ V\VWHP IRU SHHU SURGXFHG SHHU OHDUQLQJ ॡH
ਖ਼UVW VWXG\ IRFXVHG RQ XQGHUVWDQGLQJ WKH H੘HFWV RI SHHU VXSSRUW RQ OHDUQLQJ LQ WKH FRXUVH
RI HQF\FORSHGLD DXWKRULQJ DFWLYLWLHV DQG IRUXP GLVFXVVLRQV RQ WKH RULJLQDO 3ODQHW0DWK
GRFXPHQWLQJ WKH FDWDO\VLV RI OHDUQLQJ RXWFRPHV ॡH VHFRQG VWXG\ HPSOR\HG TXDOLWDWLYH
PHWKRGV WR EXLOG D ULFKHU SLFWXUH RI WKH VWDNHKROGHUV LQ D SHHU OHDUQLQJ HQYLURQPHQW IRU
PDWKHPDWLFV XVLQJ WKH SDUDJRJ\ IUDPHZRUN WR GHULYH GLUHFWLRQV IRU FKDQJH ,QIRUPHG
E\ WKLV ZRUN 3ODQHW0DWKʬV VR॑ZDUH V\VWHP ZDV UHEXLOW DORQJ WKH OLQHV VSHFLਖ਼HG E\ WKH
SDUDJRJ\ PRGHO DXJPHQWLQJ WKH FROODERUDWLYH DXWKRULQJ HQYLURQPHQW ZLWK WRROV IRU
SHHU VXSSRUWHG SUREOHP VROYLQJ ॠDOLWDWLYH ਖ਼QGLQJV IURP D XVHU VWXG\ D॑HU WKH SXEOLF
UHOHDVH RI WKH QHZ V\VWHP GHPRQVWUDWH WKH IHDVLELOLW\ RI WKH SDUDJRJLFDO DSSURDFK ZKLOH
VXJJHVWLQJ D UDQJH RI LPSURYHPHQWV WR WKH VR॑ZDUH WKDW ZLOO EH QHHGHG IRU WKH SURMHFW WR
VXFFHVVIXOO\ VFDOH XS ۙ LQ SDUWLFXODU WKH IXUWKHU UHVWUXFWXULQJ RI 3ODQHW0DWKʬV DFWLYLWLHV
LQWR ۢVXESURMHFWVۣ

&KDSWHU  'LVFXVVLRQ
&RQWH[W )HHGEDFN ॠDOLW\ 6WUXFWXUH +HXULVWLF
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; SURMHFW ♯ XSGDWH ′ IRUN⋆ RXWFRPH - FRQMHFWXUH ( HSKHPHUD
7DEOH  (QWLW\ UHODWLRQ GLDJUDP IRU 3ODQHW0DWK 
 3ODQHW0DWK 
7DEOH  SUHVHQWV D UHYLVHG YHUVLRQ RI 7DEOH  >i S @ ZKLFK QRZ LQFOXGHV WKH
LQVLJKWV JDLQHG LQ WKH XVHU HYDOXDWLRQ RI 3ODQHW0DWK3ODQHWDU\ GLVFXVVHG LQ &KDSWHU 
$Q\ REMHFW RU DFWLYLW\ WKDW WDNHV SODFH ZLWKLQ WKH V\VWHP VKRXOG EH WKRXJKW RI DV EHLQJ
SDUW RI VRPH SURMHFW ॡLV FDUULHV RYHU WR WKH ۢPLFURۣ OHYHO VR WKDW LQGLYLGXDO SURRI VWHSV
RU FRPSXWDWLRQV DUH WR EH WKRXJKW RI DV VPDOO SURMHFWV ,Q SDUWLFXODU RQH LPSRUWDQW FODVV
RI ۢSURMHFWۣ LV D FRQMHFWXUDO VROXWLRQ WR D SUREOHP ZKLFK FDQ JHQHUDOO\ EH WKRXJKW RI DV D
IDOOLEOH SURFHVV IRU DUULYLQJ DW D VROXWLRQ ,Q WKH SURFHVV RI ZRUNLQJ RQ SUREOHPV JURXSV
ZRXOG OLNH WR EH DEOH WR IRUP RQ DQ DG KRF EDVLV DQG FUHDWH HSKHPHUDO FRQWHQW WKH RQOLQH
HTXLYDOHQW RI D FKDONERDUG WKDW FDQ EH ZLSHG FOHDQ $UWLFOHV ۙ DQG SUHVXPDEO\ RWKHU
IRUPV RI SURMHFWHPEHGGHG FRQWHQW ۙ VKRXOG EH IRUNDEOH 3URMHFWV VKRXOG EH XSGDWDEOH
ZLWK UHYLVHG JRDOV RU ZLWK FRQFUHWH LQGLFDWLRQV RI SURJUHVV
3URMHFWV FDQ EH PRGHOHG ERWK LQ WHUPV RI XVHU H[SHULHQFH DQG FRPSXWDWLRQDO IHDWXUHV
3URMHFW XSGDWHV FDQ EH PRGHOHG ZLWK D ODQJXDJH RI IXQGDPHQWDO DFWLRQV 3URMHFWV WKHP
VHOYHV PRGHO WKHLU RXWFRPHV WR VRPH GHJUHH RI ਖ਼GHOLW\ DQG VXFK PRGHOV SURYLGH DQ
LQWHUIDFH IRU RWKHU SURMHFWV DQG IRU SRWHQWLDO SDUWLFLSDQWV 3URMHFWV DUH PDGH ۢYLDEOHۣ E\
IHDWXUHV WKDW FRQQHFW WR WKH PRWLYDWLRQV DQG DPELWLRQV RI SDUWLFLSDQWV
&KDSWHU  VKRZHG UHVXOWV IURP LQVWUXPHQWLQJ WKH FRUUHFWLRQV DQG IRUXP SRVWV DQG
DQDO\VLV DJJUHJDWHG GDWD IURP 3ODQHW0DWK۟V FRQWULEXWLQJ SRSXODWLRQ RYHU D GHFDGH ,W
ZRXOG EH XVHIXO WR LQVWUXPHQW WKH HQWLUH V\VWHP LQ RUGHU WR EH DEOH WR R੘HU UHDOWLPH
IHHGEDFN RQ OHDUQLQJ UHOHYDQFH RI LQWHUDFWLRQV DFURVV WKH V\VWHP )RU H[DPSOH D VXI
ਖ਼FLHQWO\ LQVWUXPHQWHG V\VWHP PLJKW EH DEOH WR JHQHUDWH FKDUWV RI SURJUHVV RQ VROYLQJ
VSHFLਖ਼F SUREOHPV RQ WKH ਗ਼\ FI 6FKRHQIHOG 

i &KDQQHOV IRU FRPPXQLFDWLRQ EHWZHHQ WKH VWUDWD
 &KDQQHOV IRU FRPPXQLFDWLRQ EHWZHHQ WKH VWUDWD
$V SHU +LOO ३ LW PD\ EH PRVW FRQYLQFLQJ WR PDUNHW WKH UHERRWHG 3ODQHW0DWK
SURMHFW DV DQ H੘RUW WR EXLOG D IDPLOLDU NLQG RI UHVRXUFH LQ D QHZ ZD\ IRU H[DPSOH WR
FUHDWH D IUHHRSHQ FORQH RI D IDPLOLDU VHW RI WH[WERRNV OLNH WKH 6FKXDPV RXWOLQH VHULHV RU
WKH 6SULQJHU *UDGXDWH 7H[WV LQ 0DWKHPDWLFV VHULHV E\ DVVHPEOLQJ WKHP RXW RI VPDOOHU
SLHFHV $QRWKHU IDPLOLDU PRGH RI HQJDJHPHQW LV WKH PDWKHPDWLFV FRXUVH 7UDGLWLRQDO
FRXUVHV FRXOG EH UXQ LQ WR RU PDQ\WR FRUUHVSRQGHQFH ZLWK WKH WH[WERRN VHULHV
PHQWLRQHG DERYH 2QH FDQ FRPSDUH WKH HDUOLHU H[SHULPHQW FRQGXFWHG E\ 5REHUW 0LO
VRQ LQ ZKLFK KH XVHG D ORFDO LQVWDQFH RI 1R¸VSKHUH WR UXQ D JUDGXDWHOHYHO PDWKHPDW
LFV FRXUVH 0LOVRQ 	 .URZQH  +RZHYHU LW ZRXOG EH HYHQ PRUH SURSLWLRXV LI D
FRXUVH DGRSWHG 3ODQHW0DWK LWVHOI DV DQ LQWHUGLVFLSOLQDU\ ۢOHDUQLQJ SURMHFWۣ +RZ PLJKW
WKLV ZRUN" )RU FRPSDULVRQ FRQVLGHU :LOOLDP ॡXUVWRQ۟V UHਗ਼HFWLRQV RQ ۢ0DWKHPDWLFDO
HGXFDWLRQۣ ॡXUVWRQ  DQG )UDQN ॠLQQ۟V SHUVSHFWLYHV RQ ۢ$ VFLHQFHRIOHDUQLQJ
DSSURDFK WR PDWKHPDWLFV HGXFDWLRQۣ ॠLQQ 
)RUॡXUVWRQ DQ LGHDO WHDFKLQJ HQYLURQPHQW ZDV D FRXUVH RQ ۢ*HRPHWU\ DQG WKH ,PDJ
LQDWLRQۣ WKDW ZDV ۢWDXJKW DV D WHDP VKXQQLQJ OHFWXUHV DQG HPSKDVL]LQJ JURXS GLVFXVVLRQV
DPRQJ VWXGHQWVۣ FXOPLQDWLQJ LQ D ۢJHRPHWU\ IDLUۣ ॠLQQ۟V LGHDO LQVWUXFWLRQDO FRQWH[W
LV ۢRYHU D WKRXVDQG KRXUV RI RQHRQRQH GLDJQRVWLF ZRUN ZLWK VWXGHQWV LQ WKH 0DWK (PSR
ULXP DW 9LUJLQLD 7HFK ۣ FRYHULQJ PDWHULDO ۢGHVLJQHG VR WKDW SUHH[LVWLQJ OHDUQLQJ HUURUV ZLOO
FDXVH VHULRXV GLणFXOW\ۣ ZLWK WKH LQWHQWLRQ ۢWR H[SRVH WKHVH HUURUV VR WKH\ FDQ EH GLDJQRVHG
DQG UHSDLUHGۣ
$SSUHFLDWLQJ RQH RI WKHVH SHUVSHFWLYHV QHHG QRW OHDG XV WR DEDQGRQ WKH RWKHU $॑HU
DOO ۢXQGHUVWDQGLQJ FRPHV RQPDQ\ GLठHUHQW OHYHOVۣ -D੘H	ॠLQQ  3ODQHW0DWKPD\
ਖ਼QG QHZ SXUSRVH LQ IXOਖ਼OOLQJ WKH UHTXHVW YRLFHG E\ ॡXUVWRQ  IRU ۢWKH FUHDWLRQ RI
FKDQQHOV IRU FRPPXQLFDWLRQ EHWZHHQ WKH VWUDWDۣ 6XUHO\ PHWKRGV WKDW ZRUN ۙ DQG ERWK
ॠLQQ DQG ॡXUVWRQ KDYH VWURQJ SRLQWV KHUH ۙ VKRXOG EH SUHFLVHO\ ZKDW LV VKDUHG DQG
GHYHORSHG WKURXJK VXFK FKDQQHOV
2QH RI WKH SDUWLFLSDQWV LQ WKH LQLWLDO IRFXV JURXS , UDQ DW ॡH 2SHQ 8QLYHUVLW\ IHOW
WKDW 3ODQHW0DWK ZRXOG EH PRUH VXFFHVVIXO LI LW ZDV PRUH OLPLWHG LQ VFRSH
, WKLQN WKDW WKH SODQHWPDWK SURMHFW QHHGV WR EH VKDUSHQHG LQ WHUPV RI ZKDW LW LV WU\LQJ WR
DFKLHYH ࡍDW PD\ EH GRQH E\ QDUURZLQJ GRZQ WKH UDQJH RI XVHUV WKDW LW LV GLUHFWHG WR
&RQVLGHULQJ WKH IDFW WKDW ORWV RI डQDQFLDO UHVRXUFHV DUH VSHQW IURP IRUPDO LQVWLWXWLRQV
OLNH WKH 28 WR GHYHORS RQOLQH SODWIRUPV IRU GHOLYHULQJ WKHLU VHUYLFHV LW PLJKW EH TXLWH
KDUG IRU SODQHWPDWK WR FRPSHWH ZLWK VXFK SODWIRUPV
$QRQ\PRXV VWXG\ SDUWLFLSDQW H[FHUSW IURP TXHVWLRQQDLUH UHVSRQVH
,W ZRXOG EH XVHIXO WR VKDUSHQ WKH IRFXV RI WKH 3ODQHW0DWK SURMHFW EXW QRW E\ OLPLWLQJ
WKH UDQJH RI XVHUV LW VHUYHV WRSLFV LW FRYHUV RU IHDWXUHV LW R੘HUV

&KDSWHU  'LVFXVVLRQ
5DWKHU 3ODQHW0DWK QHHGV WR PDLQWDLQ D VKDUS IRFXV RQ WKH JRDO RI JOREDO PDWKHPDWL
FDO OLWHUDF\ LI LW LV WR EH VXFFHVVIXO LQ HVWDEOLVKLQJ H੘HFWLYH FRPPXQLFDWLRQ EHWZHHQ VWDWH
VFKRRO DQG ,Y\ /HDJXH EHWZHHQ ਖ਼UVW DQG WKLUG ZRUOG EHWZHHQ UHVHDUFKHUV WHDFKHUV DQG
VWXGHQWV DW DOO OHYHOV DQG EHWZHHQPDQ\ LQGLYLGXDO SHHU OHDUQLQJ SURMHFWV ZLWK WKHLU RZQ
VSHFLਖ਼F IRFXVHG VFRSH ॡH SURMHFW DV D ZKROH PD\ PHHW ZLWK DPELYDOHQFH IURP VRPH
SDUWLHV ZLWK GHHSO\ HPEHGGHG LQVWLWXWLRQDO FRPPLWPHQWV FI 1LHW]VFKH  SS ۙ
 (YHQ VR ۢ>7@KH HPHUJHQFH RI QRYHOW\ UHTXLUHV WKDW REMHFWV EH DW RQFH ERWK LQ WKH ROG
V\VWHP DQG LQ WKDW ZKLFK DULVHV ZLWK WKH QHZۣ 0HDG 
 7HDFKLQJ PDWKHPDWLFV WKH FRPPRQVEDVHG SHHU
SURGXFWLRQ ZD\
7R WHDFK LV WR KRQRU RXU FRPPLWPHQWV E\ UHSD\LQJ ZKDW ZH RZH WKH ZRUOG IRU RXU
IRUPDWLRQ ,Q VKRUW WHDFKLQJ DQG QRW HWKQRJUDSKLF ZULWLQJ LV WKH RWKHU VLGH RI SDUWLF
LSDQW REVHUYDWLRQ WKHUH FDQQRW EH RQH ZLWKRXW WKH RWKHU DQG ERWK DUH LQGLVSHQVDEOH
WR WKH SUDFWLFH RI DQWKURSRORJ\ DV DQ DUW RI LQTXLU\ 7R WHDFK DQWKURSRORJ\ LV WR
SUDFWLVH DQWKURSRORJ\ WR SUDFWLVH DQWKURSRORJ\ LV WR WHDFK LW
,QJROG  S  RULJLQDO HPSKDVLV
2QH RI WKH RXWFRPHV RI WKH 3HHUDJRJ\ SURMHFW ZDV D JHQHUDOSXUSRVH IUDPHZRUN IRU
EXLOGLQJ SHHU OHDUQLQJ SURMHFWV &RUQHOL .HXQH /\RQV 	 'DQR੘  ॡH 3HHUD
JRJ\ SURMHFW LV FXUUHQWO\ XVLQJ WKLV V\OODEXV DV WKH EDVLV RI D QHZ PXWXDODLG H੘RUW IRU
IUHHRSHQSHHU SURGXFHG SURMHFWV FDOOHG WKH 3HHUDJRJ\ $FFHOHUDWRU∗ ॡLV IUDPHZRUN
FDQ DOVR EH LQVWDQWLDWHG DV D V\OODEXV IRU SDUWLFLSDWLRQ LQ 3ODQHW0DWK DV D GHVLJQ IRU
ۢDFWLYH OHDUQLQJۣ FI )UHHPDQ HW DO  ॡH LGHD ZRXOG EH WR VWXG\ PDWKHPDWLFV
DQG PDWKHPDWLFDO DQWKURSRORJ\ WRJHWKHU DQG LQ WKH SURFHVV EXLOG DQG VKDUH UHVRXUFHV
ZLWK RWKHUV 5DWKHU WKDQ D FODVVURRP FXOWXUH >i S @ WHDFKHUV DQG VWXGHQWV ZKR ORRN
DW PDWKHPDWLFV WKLV ZD\ ZRXOG ਖ਼QG WKHPVHOYHV SDUW RI D JOREDO FXOWXUH ۙ EXW LW LV RQH
ۢZLWKRXW DQ\ FHQWUDO FRPPLࡉHH WKDW ZRXOG KDYH WR RU HYHQ FRXOG WHOO WKH DFWLYH ZKDW WKHLU
QH[W RSHUDWLRQV VKRXOG EHۣ 6ORWHUGLMN  S  ॡLV XQGHUVFRUHV D NH\ UHਖ਼QHPHQW WR
WKH QRWLRQ RI SDUDJRJ\ LQWURGXFHG LQ &KDSWHU  WKDW KDV EHHQ HPSKDVL]HG LQ WKH GHVLJQ
FRPLQJ IURP &KDSWHU  QDPHO\ WKH QHHG WR IRFXV RQ LQGLYLGXDO SURMHFWV ॡH PRGHO LQ
SDUDJRJ\ LV QRW VLPSO\ RQH RI XQERXQGHG SURGXFWLYH HPHUJHQFH EXW DOZD\V DQ HPHU
JHQFH ZLWK OLPLWV ॡLV LV QRW PDGH VXਜ਼FLHQWO\ FOHDU E\ WKH ਖ਼YH SDUDJRJ\ SULQFLSOHV
ZKLFK UHO\ RQ WKH ZRUG ۢFRQWH[Wۣ WR LQGLFDWH D VHQVH RI VFRSH ,W PXVW EH HPSKDVL]HG
WKDW HYHQ SURMHFWV RSHUDWLQJ ZLWK D JOREDO VFRSH DOZD\V UXQ ZLWK GLVFUHWHO\ ERXQGHG
ZRUN F\FOHV FI .DX੘PDQ  ॡH XVH RI GHVLJQ SD॔HUQV KDV KHOSHG WR PDNH LW FOHDU
WR ZRUN RQ IRFXVHG ORFDO WDVNV DQG VKDUH WKH UHVXOWV JOREDOO\ 'HVLJQ SD॔HUQV IRUP D NH\
SDUW RI WKLV SODQ IRU WHDFKLQJ PDWKHPDWLFV WKH FRPPRQVEDVHG SHHU SURGXFWLRQ ZD\
∗?iiT,ff+QKKQMb#mM/M+2XM2if;`QmTbfT22`;Q;vf

i 7HDFKLQJ PDWKHPDWLFV WKH FRPPRQVEDVHG SHHU SURGXFWLRQ ZD\
 6HWWLQJ WKH LQLWLDO FKDOOHQJH DQG EXLOGLQJ D IUDPHZRUN IRU DFFRXQWDELOLW\
DPRQJ SDUWLFLSDQWV ,GHQWLI\ D FKDOOHQJH WKDW PDWKHPDWLFV RU FRPSXWLQJ FRXOG
KHOS \RX VROYH +RZ KDYH SHRSOH DSSURDFKHG WKLV VRUW RI SUREOHP LQ WKH SDVW" :KDW
UROH GR WHFKQRORJ\ DQG PHGLD SOD\ LQ SUHYLRXV DSSURDFKHV WR WKLV VRUW RI SUREOHP"
:KDW۟V DW VWDNH QRZ" 6KDUH \RXU LQWHQWLRQ DQG UHਖ਼QH LW LQ GLVFXVVLRQZLWK RWKHUV %H
SUHSDUHG WR JR WKURXJK VHYHUDO URXQGV RI UHYLVLRQ DV \RX FRQYHUW WKH LQLWLDO LGHD LQWR
D PDQDJHDEOH SURMHFW $JDLQ \RX۟OO ZDQW WR FRQVLGHU WKH ZD\ RWKHU UHODWHG SURMHFWV
KDYH EHHQ RUJDQL]HG
 2WKHU SHRSOH FDQ VXSSRUW \RX LQ DFKLHYLQJ \RXU JRDO DQG PDNH WKH ZRUN
PRUH IXQ WRR &UHDWH D SURMHFW RQ 3ODQHW0DWK DQG ਖ਼QG MRLQ D IHZ DGMDFHQW RU
UHODWHG SURMHFWV 2QH SODFH WR ਖ਼QG RI UHODWHG SURMHFWV LV WKH OLVW RI SUHYLHZV RI QHZ
IHDWXUHV LQ 3ODQHW0DWK۟V LVVXH WUDFNHU∗ ,QGLYLGXDO 06& FODVVHV FDQ DOVR EH FRQVLG
HUHG WR EH FRQWHQWUHODWHG SURMHFWV /RRN DURXQG RQ WKH LQWHUQHW IRU RWKHU UHOHYDQW
SURMHFWV :KDW RWKHU SUREOHPV DUH SHRSOH ZRUNLQJ RQ WKDW DUH UHODWHG WR WKH SUREOHP
\RX KDYH LGHQWLਖ਼HG" &DQ \RX FROODERUDWH ZLWK WKHP" :KDW GR \RX QHHG WR OHDUQ LQ
RUGHU WR EH KHOSIXO LQ WKHVH SURMHFWV" :KDW KHOS DUH \RX OLNHO\ WR QHHG"
 6ROLGLI\LQJ \RXU ZRUN SODQ DQG OHDUQLQJ VWUDWHJ\ WRJHWKHU ZLWK FRQFUHWH
PHDVXUHV IRU ڗVXFFHVVژ FDQ PRYH WKH SURMHFW IRUZDUG VLJQLक़FDQWO\ )LQG RU
GHYHORS FROOHFWLRQV RU VXESURMHFWV WKDW VSHFLI\ WKH UHDGLQJ PDWHULDO H[HUFLVHV DQG
SURWRW\SHV WKDW ZLOO KHOS \RX PRYH WRZDUG \RXU JRDO $UUDQJH WKHVH LQWR D SURMHFW
URDGPDS DQG UHYLVH LW DV \RX JR ,V DQ\RQH LQWHUHVWHG LQ \RXU LQWHUPHGLDWH VWHSV"
,I \RX UXQ LQWR GLਜ਼FXOWLHV ZLWK FRQWHQW RU VR॑ZDUH FRPPXQLFDWH WKHP WR WKH UHOH
YDQW SHRSOH )LJXUH RXW KRZ \RX FDQ JHW WDNH SDUW LQ UHVROYLQJ WKH GLਜ਼FXOWLHV DQG
VKDUH WKH SD॔HUQV WKDW ZRUN ,I \RX JHW VWXFN ZULWH GRZQ DQG VKDUH DQ DQWLSD॔HUQ
GHVFULELQJ WKH SUREOHP DQG ORRN IRU D VXLWDEOH ZRUNDURXQG
 :UDS XS WKH SURMHFW ZLWK D FULWLFDO DVVHVVPHQW RI SURJUHVV DQG GLUHFWLRQV
IRU IXWXUH ZRUN :KDW GLG \RX OHDUQ" :KDW URDGEORFNV RU ER॔OHQHFNV GLG \RX
KDYH WR RYHUFRPH" +RZ ZLOO \RX FKDQJH \RXU DSSURDFK ZKHQ \RX WDFNOH WKH QH[W
SUREOHP" %H VXUH WR XSORDG D SURMHFW VXPPDU\ ZLWK SRLQWHUV WR DQ\ QHZ FRGH RU
FRQWHQW $VVHVVPHQW LV HDVLHU LI LW۟V RQJRLQJ HDFK RI WKH VXESURMHFWV \RX۟YH FUHDWHG
VKRXOG EH DVVHVVHG DQG VRPH RI WKHP VKRXOG EH ZUDSSHG XS EHIRUH WKH PDLQ SURMHFW
LV FRPSOHWH 2QFH \RX۟YH ਖ਼QLVKHG D VXਜ਼FLHQWO\ ODUJH SURMHFW JLYH \RXUVHOI VRPH
WLPH R੘ EHIRUH \RX VWDUW DJDLQ RQ VRPHWKLQJ QHZ

&KDSWHU  'LVFXVVLRQ
 /LPLWDWLRQV
ॡLV WKHVLV KDV EHHQ UHVWULFWHG WR GHYHORSLQJ WKH IROORZLQJ WKUHH FODLPV
ۨ $ WKHRU\ RI SHHU SURGXFHG SHHU OHDUQLQJ ZDV GHYHORSHG ZKLFK ZDV JLYHQ WKH
QDPH SDUDJRJ\
ۨ $ ZRUNLQJ PRGHO RI D SDUDJRJLFDO DSSURDFK WR PDWKHPDWLFV OHDUQLQJ KDV EHHQ
GHYHORSHG DQG GHSOR\HG DV 3ODQHW0DWK3ODQHWDU\
ۨ $ XVHU HYDOXDWLRQ RI WKH GHSOR\HG V\VWHP KDV EHHQ FRQGXFWHG XVLQJ SULQFLSOHV RI
HPHUJHQW GHVLJQ ZKLFK KDV UHVXOWHG LQ UHਖ਼QHPHQWV WR ERWK PRGHO DQG WKHRU\
$SDUW IURP WKLV FOHDUO\ FLUFXPVFULEHG IRFXV WKHUH DUH RWKHU OLPLWDWLRQV
ॡH FOHDUHVW OLPLWDWLRQ RI WKLV ZRUN LV WKDW LW GRHV QRW LQFOXGH D FODVVURRP VWXG\ RU
DQ\ RWKHU ORQJLWXGLQDO DQDO\VLV RI OHDUQLQJ XQGHU WKH SDUDJRJLFDO PRGHO $FFRUGLQJO\
ZH FDQQRW VD\ ۢSULRU WR WKH LQWURGXFWLRQ RI 3ODQHW0DWK3ODQHWDU\ DQG WKH SDUDJRJLFDO
DSSURDFK VWXGHQW DFKLHYHPHQW RQ VXFKDQGVXFK VWDQGDUGL]HG WHVW ZDV DW WKLV OHYHO DQG
QRZ LW KDV VKL॑HG RQ DYHUDJH E\ <ۣ 8SWDNH RI WKH QHZ WRROV RQ 3ODQHW0DWK )LJXUH 
>i S @ KDV QRW EHHQ VXਜ਼FLHQW WR ZDUUDQW D VWXG\ RI OHDUQLQJ XVLQJ WKH PHWKRGV RI
&KDSWHU  )URP WKH SRLQW RI YLHZ RI VWXGLHV RI WKLV QDWXUH WKH ZRUN SUHVHQWHG KHUH LV
D QHFHVVDU\ SUHOLPLQDU\
3ODQHWDU\ LV DOUHDG\ XVHG DV D FRXUVH VXSSRUW WRRO ۙ EXW HYDOXDWLQJ WKH SDUDJRJLFDO
PRGHO LQ D PDWKHPDWLFV OHDUQLQJ FRQWH[W UDWKHU WKDQ D GHVLJQ FRQWH[W ZRXOG PHDQ UXQ
QLQJ D FRXUVH OLNH WKH RQH RXWOLQHG LQ 6HFWLRQ  DQG IRU WKDW PRUH TXLWH D ELW PRUH
JURXQGZRUN LV QHHGHG 6RPH IRUP RI ORQJLWXGLQDO HYDOXDWLRQ ZRXOG EH LPSRUWDQW IRU
GHYHORSLQJ DQ\ SROLF\ FRQVLGHUDWLRQV WKDW PLJKW IROORZ IURP WKH LGHD RI SDUDJRJ\
$OWKRXJK FRQGXFWLQJ D FODVVURRP EDVHG HYDOXDWLRQ VHHPHG DW WLPHV WR EH DOPRVW
ZLWKLQ UHDFK VLPXODWLRQ ZRUN DUWLਖ਼FLDO DJHQWV KDV UHPDLQHG HQWLUHO\ RXW RI VFRSH 0DQ\
RI WKH LGHDV GLVFXVVHG LQ WKH WKHVLV PD\ EH JHUPDQH WR VXFK VWXGLHV EXW WKLV FODLP KDV
EHHQ LQ QR ZD\ WHVWHG ॡLV PHDQV WKDW HYHQ WKRXJK WKH WKHVLV SRLQWV WRZDUG D FRP
SXWDWLRQDO PRGHO RI PDWKHPDWLFDO FROODERUDWLRQ WKH XVHIXOQHVV RI WKLV PRGHO UHPDLQV
FRQMHFWXUDO DQG LWV HPSLULFDO YDOLGLW\ VWDQGV IRU QRZ RQO\ RQ LWV RZQ DSSDUHQW VHOI
FRQVLVWHQF\
,QYLWLQJ 3ODQHW0DWK XVHUV WR EHFRPH IDPLOLDU ZLWK WKH SD॔HUQ FDWDORJ DQG ZULWH QHZ
SD॔HUQV ZRXOG KDYH EHHQ DQ LQWHUHVWLQJ RSSRUWXQLW\ WR PRUH IXOO\ LQYROYH SDUWLFLSDQWV
LQ FRGHVLJQ DQG WR OHDUQ PRUH DERXW ZKHWKHU GHVLJQ SD॔HUQV DUH LQGHHG VXLWDEOH IRU
XVH LQ WKH PDWKHPDWLFV GRPDLQ +RZHYHU ZKHQ WKH VWXGLHV UDQ WKH SD॔HUQ FDWDORJ
ZDV VWLOO LQ D UHODWLYHO\ IRUPDWLYH VWDWH DQG ZRXOG QRW KDYH EHHQ DV HDV\ WR VKDUH RU

i /LPLWDWLRQV
H[SODLQ DV LW LV QRZ 0\ PHWKRGV HYROYHG DORQJ ZLWK WKH UHVHDUFK SURMHFW FI 7RP
 ॡH 3HHUDJRJ\ FRPPXQLW\ SURYLGHG D ۢVWUXFWXUDOO\ SDUDOOHO VLWXDWLRQۣ &DYDOOR
४ S  LQ ZKLFK WR GHYHORS PDQ\ RI WKH GHVLJQ LGHDV +RZHYHU WKH HQJDJHPHQW
EHWZHHQ 3HHUDJRJ\ DQG 3ODQHW0DWK DQG KDV VR IDU UHPDLQHG PRVWO\ ۢYLUWXDOۣ ۙ DQG DV
\HW WKHUH KDV EHHQ QR IRUPDO VWXG\ HYDOXDWLQJ WKH SD॔HUQ PHWKRGV DV HPSOR\HG LQ HLWKHU
VH॔LQJ
6SHQGLQJ WLPH ZRUNLQJ RQ WKH 3HHUDJRJ\ SURMHFW DQG HDUOLHU UXQQLQJ FRXUVHV DW
338 JLYHV D UDQJH RI H[SHULHQFHV WR FRPSDUH ZLWK DQG DFFRUGLQJO\ KHOSV WR PDNH WKH
ZRUN WKHRUHWLFDOO\ UREXVW +RZHYHU H[SORUDWLRQ FRPHV ZLWK FRVWV DQG LQ SDUWLFXODU
HPSLULFDO ZRUN WUDGHV R੘ DJDLQVW KRXUV VSHQW SURJUDPPLQJ ॡHUH ZHUH FHUWDLQO\ PDQ\
KRXUV VSHQW RQ WKH SURJUDPPLQJ H੘RUW DORQJ ZLWK PDQ\ WULSV WR PHHW ZLWK FROODER
UDWRUV DW -DFREV 8QLYHUVLW\ 1HYHUWKHOHVV P\ LQLWLDO KRSH WR EXLOG DFWLRQDEOH VHPDQWLF
GRPDLQ DQG XVHU PRGHOV DV UHSUHVHQWHG E\ WKH XVH FDVH LQ )LJXUH  >i S @ ZDV QRW
UHDOL]HG 0XFK RI WKH UHOHYDQW EDVLF LQIUDVWUXFWXUH QRZ H[LVWV EXW UHFRPPHQGDWLRQV DQG
DXWRPDWLF WXWRULQJ KDYH WR EH OH॑ IRU IXWXUH ZRUN
5HJDUGLQJ UHFRPPHQGDWLRQV DQG GLDJQRVWLFV WKH PRGHO HPSOR\HG LQ &KDSWHU  KDV
\HW WR EH H[WHQVLYHO\ WHVWHG LQ OLPLWLQJ FDVHV IRU H[DPSOH WR DVFHUWDLQ KRZ ZHOO LW ZRUNV
RQ VPDOO GDWD VHWV ॡH PRGHO GRHV QRW \HW LQFOXGH FRQਖ਼GHQFH LQWHUYDOV ॡH PHWKRG
ZRXOG KDYH WR EH PRGLਖ਼HG IXUWKHU WR ZRUN LQ UHDO WLPH DV SDUW RI D UHFRPPHQGDWLRQ
V\VWHP :RUN ZLWK VLPXODWHG OHDUQHUV ZRXOG EH RQH URXWH WR WHVWLQJ DQG LPSURYLQJ WKH
PRGHO HJ LQIRUPHG E\ 0F&DOOD 	 &KDPSDLJQ 
7R JURXQG SDUDJRJ\ DV D VFLHQWLਖ਼F WKHRU\ DQG QRW MXVW DQ ۢDSSURDFKۣ LW ZLOO EH QHFHV
VDU\ WR PDNH LW IDOVLਖ਼DEOH ॡLV PD\ EHPRVW HDVLO\ DFKLHYHG E\ZRUNLQJ ZLWK D FROOHFWLRQ
RI SDUDJRJLFDO ۢPLFURWKHRULHVۣ SUHVXPDEO\ EDVHG RQ FROOHFWLRQV RI GHVLJQ SD॔HUQV &RU
QHOL  EXW WKH SUHFLVH PHWKRG IRU GRLQJ WKH WHVWLQJ LV OH॑ IRU IXWXUH ZRUN :LWKRXW
IXUWKHU GHYHORSPHQW DW WKLV OHYHO DQG ZLWKRXW IXUWKHU HPSLULFDO VWXGLHV RI SUREOHP VROY
LQJ WKH LGHD WKDW WKH ZRUN GLVFXVVHG KHUH FRXOG DGG LQVLJKWV LQWR VRFLDO SUREOHP VROYLQJ
EH\RQG WKRVH GHYHORSHG IRU H[DPSOH LQ 3HDVH 	 0DUWLQ  UHPDLQV FRQMHFWXUDO ۙ
DOWKRXJK LW GRHV R੘HU D QHZ DSSURDFK
7R VXPPDUL]H WKH SULPDU\ PHWKRGV HPSOR\HG LQ WKLV WKHVLV ZHUH VWDWLVWLFDO DQDO\VLV
RI KLVWRULFDO GDWD TXDOLWDWLYH ਖ਼HOG ZRUN LPSOHPHQWDWLRQ RI D VR॑ZDUH V\VWHP IRU FROODE
RUDWLRQ DQG HPHUJHQW GHVLJQ $V DSSOLHG HDFK RI WKHVH KDV FHUWDLQ OLPLWDWLRQV ZKLFK
PLJKW EH DGGUHVVHG WKURXJK IXUWKHU ZRUN +RZHYHU WKH JUHDWHVW OLPLWDWLRQV PLJKW EH
DGGUHVVHG ZLWK PHWKRGV WKDW ZHUH QRW HPSOR\HG LQ WKH WKHVLV LQ SDUWLFXODU PHWKRGV
FRPLQJ IURP DUWLਖ਼FLDO LQWHOOLJHQFH ॡHVH ZHUH H[SOLFLWO\ VHW DVLGH LQ RUGHU WR SXUVXH
ZKDW , VHH DV JURXQGZRUN , JHQXLQHO\ KRSH WKDW WKH LGHDV ZLOO EH WDNHQ IRUZDUG E\
RWKHUV , RXWOLQH P\ RZQ SODQQHG FRQWULEXWLRQV EHORZ

&KDSWHU  'LVFXVVLRQ
 )XWXUH ZRUN
,Q FRPSXWHU VFLHQFH ,Q RUGHU WR EXLOG D FRPSXWDWLRQDO VWXG\ IROORZLQJ IURP WKLV
ZRUN RQH ZRXOG QHHG D UHDVRQDEO\ ODUJH FRPSXWHUDFFHVVLEOH ERG\ RI PDWKHPDWLFDO
FRQWHQW SHUKDSV DORQJ WKH OLQHV RI P\ HDUOLHU ZRUN LQ PDWKHPDWLFDO NQRZOHGJH UHSUH
VHQWDWLRQ >i S @ DORQJ ZLWK FRPSXWDWLRQDO DJHQWV WKDW DUH DEOH WR QDYLJDWH WKH
UHOHYDQW PDWKHPDWLFDO VWUXFWXUHV DV RXWOLQHG 7DEOH  DEOH WR DSSO\ ۢVWDQGDUGۣ 7DEOH
 >i S @ DQG ۢVRFLDOۣ SUREOHP VROYLQJ KHXULVWLFV 7DEOH  >i S @ VXਜ਼FLHQWO\
PHWDFRJQLWLYHO\ DZDUH >i S @ DV WR EH DEOH WR VHW DQG VROYH SUREOHPV E\ JHQHUDW
LQJ DQG DSSO\LQJ QHZ KHXULVWLFV LQ WKH IRUP RI GHVLJQ SD॔HUQV 7DEOH  >i S @
ۙ DQG LGHDOO\ DEOH WR DQQRWDWH UHਗ਼HFW RQ GLDJQRVH DQG H[WHQG WKH RYHUDOO SURFHVV VHH
$SSHQGL[ ) $SSHQGL[ % FRQWDLQV WZR H[DPSOHV WKDW KDYH EHHQ ZRUNHG RXW LQ D SUH
OLPLQDU\ PDQQHU ۙ EXW PRUH ZRUN LV QHHGHG LQ RUGHU WR IXOO\ GHVFULEH D PDWKHPDWLFDO
SURRI RU H[SRVLWLRQ DV D VRFLDOFRPSXWDWLRQDO SURFHVVHV 7R IXUWKHU GHYHORS H[DPSOHV
RI WKLV QDWXUH LW ZRXOG EH XVHIXO WR WKRURXJKO\ UHDVVHVV WKH ਖ਼YH GLPHQVLRQV RI FKDQJH
GHVFULEHG LQ &KDSWHU  ۙ IRU H[DPSOH DUH WKH\ UHDOO\ WKH ULJKW RQHV IRU GHDOLQJ ZLWK
PDWKHPDWLFV DW WKH PLFUR OHYHO" ۙ DQG WR GHYHORS D FDWDORJ RI GHVLJQ SD॔HUQV H[SUHVVO\
GHYRWHG WR SURRIV SUREOHP VROYLQJ 3RVDPHQWLHU 	 6FKXO]  DQG SUREOHP SRVLQJ
%URZQ	:DOWHU  ,Q SDUWLFXODU WKH QRWLRQ RI SUREOHP SRVLQJ JHWV DW WKH HVVHQFH RI
SD॔HUQPDNLQJ ZH ZLOO QHHG SD॔HUQV DERXW SD॔HUQV LQ RUGHU WR REWDLQ WKH NLQG RI FOR
VXUH DOOXGHG WR LQ WKH LQWURGXFWRU\ FRPPHQWV RQ WKH SD॔HUQ DQDO\VLV LQ &KDSWHU  >i
S @ ॡH SODQ ZRXOG WKHQ EH WR LPSOHPHQW D V\VWHP WKDW FDQ ZRUN ZLWK WKHVH SD॔HUQV
XVLQJ D VRFLHW\RIPLQG VW\OH DUFKLWHFWXUH 0LQVN\  5HODWHG ZRUN XVLQJ DUWLਖ਼FLDO
DJHQWV LQ D QDUUDWLYH UHDVRQLQJ FRQWH[W ZDV GLVFXVVHG LQ 6LQJK 	 0LQVN\  ZLWK
D GHWDLOHG GHYHORSPHQW LQ 6LQJK  GUDZLQJ RQ WKH HDUOLHU QRWLRQ D FRPSXWDWLRQDO
FULWLF 6XVVPDQ  ॡLV ZRUN HPSKDVL]HG UHਗ਼H[LYH DVSHFWV RI PHQWDWLRQ DQG PXOWL
SOH ZD\V WR WKLQN DERXW SUREOHPV 0LQVN\ 
,Q KXPDQLVWLF FRPSXWLQJ 3ODQHW0DWK VKRXOG DW OHDVW SURYLGH D PRUH VDWLVIDFWRU\
OHDUQLQJ SODWIRUP IRU EHJLQQLQJ PDWKHPDWLFV VWXGHQWV WKDQ :LNLSHGLD ॡH LGHD WKDW
SHHU VXSSRUWHG RQOLQH OHDUQLQJ PLJKW DOVR EH ۢEH॔HUۣ WKDQ VWDQGDUG FODVVURRP SDUWLF
LSDWLRQ LQ WKH VHQVH RI %ORRP۟V VLJPD SUREOHP∗ GRHV QRW UHTXLUH D JUHDW VWUHWFK RI
WKH LPDJLQDWLRQ :KDW LW GRHV UHTXLUH LV WKH RSSRUWXQLW\ WR FDUU\ RXW WKH QHFHVVDU\
UHVHDUFKۦ 'DYLG 6PLWK  ZULWHV WKDW ۢOHDUQLQJ PDWKHPDWLFV LV डUVW RI DOO OHDUQLQJ
∗6WXGHQWV WXWRUHG RQHWRRQH ZHUH REVHUYHG WR SHUIRUP WZR VWDQGDUG GHYLDWLRQV EHࡉHU WKDQ VWXGHQWV
ZKR UHFHLYHG FRQYHQWLRQDO LQVWUXFWLRQ %ORRP  DVNV LI WKHUH DUH PHWKRGV RI JURXS LQVWUXFWLRQ WKDW
FDQ EH DV H੘HFWLYH DV LQGLYLGXDO WXWRULQJ
ۦ$V PRWLYDWLRQ RQH FDQ FRPSDUH UHVXOWV IURP VWXGLHV RI WKH -803 PDWK SURMHFW IURP 0DU\ -DQH
0RUHDX DQG 7UDF\ 6RORPRQ HW DO IRUWKFRPLQJ VHH 0LJKWRQ  DQG WKH RYHUYLHZ LQ ۢ$ %H॔HU :D\
WR 7HDFK 0DWK ۣ 'DYLG %RUQVWHLQ $SULO   ॡH 1HZ <RUN 7LPHV ?iiT,ffQTBMBQMiQ`X#HQ;bX
MviBK2bX+QKfबपफफfपमfफलf@#2ii2`@rv@iQ@i2+?@Ki?f

i )XWXUH ZRUN
DQG RQO\ VHFRQGDULO\ DERXW PDWKHPDWLFVۣ ,W LV QRW QHFHVVDU\ WR ZDLW IRU WKH UHVXOWV RI IXU
WKHU VWXGLHV RI OHDUQLQJ RQ 3ODQHW0DWK WR SXUVXH UHODWHG ZRUN LQ RWKHU VHFWRUV &RUQHOL
HW DO 
)RFXVLQJ RQ FRQWHQW 3ODQHW0DWK QRZ KRVWV RQ D GHPRQVWUDWLRQ EDVLV D FRS\ RI D
UHFHQWO\ SXEOLVKHG IUHHRSHQ WH[WERRN RQ +RPRWRS\ 7\SH ॡHRU\ 8QLYDOHQW )RXQGD
WLRQV 3URJUDP  DQG D UHWURGLJLWL]HG WK FHQWXU\ FDOFXOXV ERRN 'DYLV 	 %UHQNH
 ERWK RI ZKLFK KDYH EHHQ DVVHPEOHG XVLQJ LQWHUFRQQHFWHG FROOHFWLRQV∗ ॡH VHF
WLRQV RI WKHVH ERRN DUH GLVFXVVDEOH WKH SUREOHPV IURP WKH ERRN DUH DYDLODEOH WR EH
VROYHG DQG VRPH VROXWLRQV KDYH EHHQ DGGHG ॡH FRQWHQWV DUH SUHVHQWHG LQ 0DWK0/
ZKLFK EULQJV ZLWK LW WKH SRVVLELOLW\ RI GHHS OLQNLQJ DQG H[SUHVVLRQOHYHO DQQRWDWLRQV
ॡH UHDGHU۟V LQWHUIDFH FRXOG FHUWDLQO\ EH LPSURYHG DQG LQWHJUDWLRQ ZLWK *LW VKRXOG EH
DGGHG ۙ D॑HU WKH PDQQHU RI WKH GHSOR\PHQW RI 3ODQHWDU\ RQ 0DWK+XELQIR ,DQFX HW DO
 DQG DV SUHIHUUHG E\ WKH RULJLQDO DXWKRUV RI WKH +R77 WH[WERRNۦ $QG RI FRXUVH
PRUH ERRNV VKRXOG DGGHG DV ZHOO 'LJLWDO OLEUDULHV DUH DQ DFWLYH DUHD RI LQWHUHVW IRU WKH
PDWKHPDWLFV FRPPXQLW\ 1DWLRQDO 5HVHDUFK &RXQFLO  3ODQHWDU\ PD\ SURYH WR EH
TXLWH XVHIXO LQ WKLV GLVWULEXWHG H੘RUW VLQFH WKH V\VWHP FDQ EH VWUDLJKWIRUZDUGO\ DGDSWHG
WR VXSSRUW GLVSDUDWH XVH FDVHV 1DWXUDOO\ WKH UHFHQW 1DWLRQDO 5HVHDUFK &RXQFLO UHSRUW
IRFXVHV RQ UHVHDUFKOHYHO DSSOLFDWLRQV EXW DV RXWOLQHG LQ 6HFWLRQ  3ODQHW0DWK FDQ
ZRUN RQ PDNLQJ WKLV H੘RUW UHOHYDQW WR VWDNHKROGHUV DQG FRQVWLWXHQFLHV WKH\ VHH DV VHF
RQGDU\ LQFOXGLQJ ۢVWXGHQWV EHORZ WKH DGYDQFHG JUDGXDWH VWXGHQW OHYHOۣ DQG ۢUHVHDUFKHUV
RXWVLGH RI PDWKHPDWLFVۣ 1DWLRQDO 5HVHDUFK &RXQFLO  ॡH 1DWLRQDO 5HVHDUFK &RXQ
FLO UHSRUW H[SUHVVHV GLVLQWHUHVW LQ WKH ODUJHVFDOH UHWURGLJLWL]DWLRQ RI SXEOLF GRPDLQ PDWH
ULDOV ۙ EXW HYHQ VR FRQVLGHUDEOH SURJUHVV FRXOG FDQ EHPDGHZLWK R੘WKHVKHOI 2&5 WRROV
DQG VPDOO DPRXQWV RI IXQGLQJ WR VXSSRUW D FURZGVRXUFLQJ DSSURDFK 'DYLG &DYDOOR۟V
IRFXV RQ ਖ਼QGLQJ ۢEULGJHV WR QHZ FRQWHQWۣ &DYDOOR ३ LV SDUWLFXODUO\ LQWHUHVWLQJ DW
ODUJH VFDOHV 5DWKHU WKDQ YLHZLQJ :LNLSHGLD PDWKVWDFNH[FKDQJHFRP DQG 0DWK2YHU
ਗ਼RZ DV FRPSHWLWRUV WKH\ FRXOG VHHQ DV SRWHQWLDO FROODERUDWRUV DQG FRQWULEXWRUV WR WKH
VDPH FRPPRQV UHVRXUFH WKH\ DOO XVH WKH VDPH &&%\6$ OLFHQVH DV 3ODQHW0DWK 3HU
KDSV 3ODQHW0DWK۟V EHVW DSSOLFDWLRQ DW WKH PRPHQW LV QRW WR JHQHUDWH QHZ FRQWHQW EXW
WR IRFXV RQ RUJDQL]LQJ DQG LQWHJUDWLQJ FRQWHQW IURP WKHVH VRXUFHV DQG IURP WKH SXE
OLF GRPDLQۧ )LQDOO\ KDYLQJ ODLG FRQVLGHUDEOH JURXQGZRUN IRU WKH XVH FDVH RXWOLQHG LQ
)LJXUH  >i S @ ERWK LQ WKLV WKHVLV DQG LQ UHODWHG ZRUN 0XOKROODQG HW DO  LW
LV ZRUWKZKLOH WR ਖ਼QLVK WKH MRE DQG DGG D VXLWDEOH UHFRPPHQGHU V\VWHP WR 3ODQHW0DWK
SDUWLFXODUO\ LQ FRQQHFWLRQ ZLWK WKLV FRQWHQWIRFXVHG ZRUN
∗?iiT,ffTHM2iKi?XQ`;fmb2`bfTK#QQFT`QD2+i
ۦ?iiTb,ff;Bi?m#X+QKf>Qhh
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6LQJK 3  (021( DQ DUFKLWHFWXUH IRU UHਗ਼HFWLYH FRPPRQVHQVH WKLQNLQJ 'RF
WRUDO GLVVHUWDWLRQ 0DVVDFKXVH॔V ,QVWLWXWH RI 7HFKQRORJ\ ! &LW S 
6LQJK 3 	 0LQVN\ 0  $Q DUFKLWHFWXUH IRU FRJQLWLYH GLYHUVLW\ 9LVLRQV RI PLQG
DUFKLWHFWXUHV IRU FRJQLWLRQ DQG DठHFW  ! &LW S 
6LSLWDNLDW $  *LYLQJ WKH KHDG D KDQG 'RFWRUDO GLVVHUWDWLRQ 0DVVDFKXVH॔V ,QVWL
WXWH RI 7HFKQRORJ\ ! &LW S 
6ORWHUGLMN 3  %XEEOHV 6SKHUHV YROXPH , 0LFURVSKHURORJ\ 6HPLRWH[WH ! &LW
S 
6ORWHUGLMN 3  <RX PXVW FKDQJH \RXU OLIH 3ROLW\ 3UHVV ! &LW SS   
6PLWK '  +RZ 3HRSOH /HDUQ۬ 0DWKHPDWLFV ,Q 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO
&RQIHUHQFH RQ WKH 7HDFKLQJ RI 0DWKHPDWLFV DW WKH 8QGHUJUDGXDWH /HYHO ! &LW
SS  

6WDKO *  $PRGHO RI FROODERUDWLYH NQRZOHGJHEXLOGLQJ ,Q 3URFHHGLQJV RI WKH IRXUWK
LQWHUQDWLRQDO FRQIHUHQFH RI WKH OHDUQLQJ VFLHQFHV SS ۙ ! &LW S 
6WDKO * *URXS &RJQLWLRQ &RPSXWHU 6XSSRUW IRU %XLOGLQJ &ROODERUDWLYH .QRZOHGJH
ॡH 0,7 3UHVV ! &LW S 
6WDKO *  6WXG\LQJ 9LUWXDO 0DWK 7HDPV VW (GLWLRQ 6SULQJHU ! &LW S 
6WDKO *  7UDQVODWLQJ (XFOLG &UHDWLQJ D KXPDQFHQWHUHG PDWKHPDWLFV )RUWKFRP
LQJ 0RUJDQ 	 &OD\SRRO ! &LW S 
6WDOOPDQ 5 0  (0$&6 WKH H[WHQVLEOH FXVWRPL]DEOH VHOIGRFXPHQWLQJ GLVSOD\ HGL
WRU  $&0 ! &LW S 
6WDU 6 / 	 *ULHVHPHU - 5  ,QVWLWXWLRQDO HFRORJ\ WUDQVODWLRQV DQG ERXQGDU\
REMHFWV $PDWHXUV DQG SURIHVVLRQDOV LQ %HUNHOH\۟V 0XVHXP RI 9HUWHEUDWH =RRORJ\
 6RFLDO VWXGLHV RI VFLHQFH  ۙ ! &LW S 
6WULNH .  7KH ORJLF RI OHDUQLQJ E\ GLVFRYHU\ 5HYLHZ RI (GXFDWLRQDO 5HVHDUFK 
ۙ ! &LW S 
6XVVPDQ * -  $ FRPSXWDWLRQDO PRGHO RI VNLOO DFTXLVLWLRQ 'RFWRUDO GLVVHUWDWLRQ
0DVVDFKXVH॔V ,QVWLWXWH RI 7HFKQRORJ\ ! &LW S 
6XVVPDQ * -  :K\ SURJUDPPLQJ LV D JRRG PHGLXP IRU H[SUHVVLQJ SRRUO\ XQGHU
VWRRG DQG VORSSLO\ IRUPXODWHG LGHDV ,Q 2236/$ ڥ &RPSDQLRQ WR WKH WK DQQXDO
$&0 6,*3/$1 FRQIHUHQFH RQ 2EMHFWRULHQWHG SURJUDPPLQJ V\VWHPV ODQJXDJHV DQG
DSSOLFDWLRQV SS ۙ $&0 ! &LW S 
7DXVF]LN < 	 3HQQHEDNHU -  3UHGLFWLQJ WKH SHUFHLYHG TXDOLW\ RI RQOLQH PDWKH
PDWLFV FRQWULEXWLRQV IURP XVHUV۟ UHSXWDWLRQV ,Q 3URFHHGLQJV RI WKH  $&0 DQQXDO
FRQIHUHQFH RQ +XPDQ IDFWRUV LQ FRPSXWLQJ V\VWHPV FKL  SS ۙ $&0
! &LW S 
7DXVF]LN < 	 3HQQHEDNHU -  3DUWLFLSDWLRQ LQ DQ RQOLQH PDWKHPDWLFV FRPPXQLW\
GL੘HUHQWLDWLQJ PRWLYDWLRQV WR DGG ,Q 3URFHHGLQJV RI WKH $&0  FRQIHUHQFH RQ
&RPSXWHU 6XSSRUWHG &RRSHUDWLYH :RUN SS ۙ $&0 ! &LW SS  
7HUDYDLQHQ 7  6HPLSDUDPHWULF (VWLPDWLRQ RI D *DSWLPH$VVRFLDWHG +D]DUG )XQF
WLRQ 'RFWRUDO GLVVHUWDWLRQ &ROXPELD 8QLYHUVLW\ ! &LW SS   
ॡRPSVRQ ' :  2Q JURZWK DQG IRUP 2Q JURZWK DQG IRUP ! &LW S 
ॡXUVWRQ :  0DWKHPDWLFDO HGXFDWLRQ 1RWLFHV RI WKH $06   ۙ !
&LW S 
ॡXUVWRQ :  2Q SURRI DQG SURJUHVV LQ PDWKHPDWLFV %XOOHWLQ 1HZ 6HULHV RI WKH
$PHULFDQ 0DWKHPDWLFDO 6RFLHW\  ۙ ! &LW SS   
7RP $  %XLOGLQJ FROODERUDWLYH UHVHDUFK OLYLQJ WKH FRPPLWPHQW WR HPHUJHQW
GHVLJQ ,QWHUQDWLRQDO -RXUQDO RI 4XDOLWDWLYH 6WXGLHV LQ (GXFDWLRQ  ۙ !
&LW S 

7RPOLQVRQ % HW DO  0DVVLYHO\ GLVWULEXWHG DXWKRUVKLS RI DFDGHPLF SDSHUV ,Q
3URFHHGLQJV RI WKH  $&0 DQQXDO FRQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ
6\VWHPV ([WHQGHG $EVWUDFWV SS ۙ $&0 ! &LW SS ࢤ 
7VRYDOW]L ' 0HOLV ( 0F/DUHQ % 0 0H\HU $. 'LHWULFK 0 	 *RJXDG]H * 
/HDUQLQJ IURP HUURQHRXV H[DPSOHV ZKHQ DQG KRZ GR VWXGHQWV EHQHਖ਼W IURP WKHP"
,Q 6XVWDLQLQJ 7(/ )URP ,QQRYDWLRQ WR /HDUQLQJ DQG 3UDFWLFH SS ۙ 6SULQJHU
! &LW S 
7XULQJ $ 0  2Q FRPSXWDEOH QXPEHUV ZLWK DQ DSSOLFDWLRQ WR WKH (QWVFKHLGXQJV
SUREOHP 3URFHHGLQJV RI WKH /RQGRQ 0DWKHPDWLFDO 6RFLHW\ QG VHU  ۙ !
&LW S 
7]RPSDQDNL . 	'RHUU0 D $1HZ)UDPHZRUN IRU4XHU\LQJ 6HPDQWLF 1HWZRUNV
,Q0XVHXPV DQG WKH:HE  7KH ,QWHUQDWLRQDO &RQIHUHQFH IRU &XOWXUH DQG +HULWDJH
2Q/LQH $SULO   6DQ 'LHJR &$ 86$ ! &LW S 
7]RPSDQDNL . 	 'RHUU 0 E )XQGDPHQWDO &DWHJRULHV DQG 5HODWLRQVKLSV IRU LQWX
LWLYH TXHU\LQJ &,'2&&50EDVHG UHSRVLWRULHV WHFK UHS 1R  ,QVWLWXWH RI &RPSX
WHU 6FLHQFH )257+ +HUDNOLRQ *UHHFH ! &LW S 
8QLYDOHQW )RXQGDWLRQV 3URJUDP 7 +RPRWRS\ 7\SH 7KHRU\ 8QLYDOHQW )RXQGDWLRQV
RI 0DWKHPDWLFV ,QVWLWXWH IRU $GYDQFHG 6WXG\ ! &LW S 
86 $UP\  7UDLQLQJ WKH IRUFH )LHOG 0DQXDO 1R  86 $UP\ ! &LW S 
86 3DWHQWV ॠDUWHUO\  &5& 3UHVV //& Y :ROIUDP 5HVHDUFK ,QF ! &LW S 
YDQ GHU /LQGHQ : - 	 *ODV & $  &RPSXWHUL]HG DGDSWLYH WHVWLQJ 7KHRU\ DQG
SUDFWLFH 6SULQJHU ! &LW S 
9D\GD $ 3 	 0F&D\ % -  1HZ GLUHFWLRQV LQ HFRORJ\ DQG HFRORJLFDO DQWKURSRO
RJ\ $QQXDO 5HYLHZ RI $QWKURSRORJ\  ۙ ! &LW S 
9OLVVLGHV - +HOP 5 -RKQVRQ 5 	 *DPPD (  'HVLJQ SD॔HUQV (OHPHQWV RI
UHXVDEOH REMHFWRULHQWHG VR॑ZDUH $GGLVRQ:HVOH\  ! &LW S 
YRQ *ODVHUVIHOG (  $VSHFWRV GHO FRQVWUXFWLYLVPR UDGLFDO $VSHFWV RI UDGLFDO FRQ
VWUXFWLYLVP ,Q 03DNPDQ (G &RQVWUXFFLRQHV GH OD H[SHULHQFLD KXPDQD *HGLVD
(GLWRULDO ! &LW SS  
9\JRWVNL / 6  7KH SUREOHP RI WKH FXOWXUDO GHYHORSPHQW RI WKH FKLOG ,, -RXUQDO RI
*HQHWF 3V\FKRORJ\  ۙ ! &LW S 
:DJQHU &  7KH QHZ LQYLVLEOH FROOHJH 6FLHQFH IRU GHYHORSPHQW %URRNLQJV ,QVW 3UHVV
! &LW S 
:DWHUPDQ '  $GDSWLYH SURGXFWLRQ V\VWHPV ,Q 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO
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9ROXPH  SS 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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SS  

:HQJHU ( 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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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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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 ۙ !
&LW S 
=KROXGHY 9 	 .RKOKDVH 0  717%DVH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 ! &LW S 
=KX ; 	 6LPRQ +  /HDUQLQJ PDWKHPDWLFV IURP H[DPSOHV DQG E\ GRLQJ &RJQL
WLRQ DQG LQVWUXFWLRQ  ۙ ! &LW S 
=LPPHUPDQ % -  %HFRPLQJ D VHOIUHJXODWHG OHDUQHU $Q RYHUYLHZ ࡍHRU\ LQWR
SUDFWLFH  ۙ ! &LW S 
=LPPHUPDQ % - 	 &DPSLOOR 0  0RWLYDWLQJ VHOIUHJXODWHG SUREOHP VROYHUV ,Q
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(GV 7KH SV\FKRORJ\ RI SUREOHP VROYLQJ SS ۙ
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
$ ',< 0DWK &RXUVH GHVFULSWLRQ
DQG SRVW PRUWHP
&2856( 7,7/(
',< 0DWK
&2856( 7:((7  &+$5$&7(56 25 /(66
ॡLV FRXUVH LV GHVLJQHG WR EXLOG LQGHSHQGHQW VWXG\ DQG SHHUVXSSRUW VNLOOV IRU PDWKHPDW
LFV OHDUQHUV DW DOO OHYHOV ,W ZLOO UHTXLUH ERWK VHOIGLUHFWHGQHVV DQG DFWLYH SDUWLFLSDWLRQ
)$&,/,7$725
-RH &RUQHOL %RDUG 0HPEHU DW 3ODQHW0DWKRUJ 3K' VWXGHQW DW WKH .QRZOHGJH 0HGLD
,QVWLWXWH ॡH 2SHQ 8QLYHUVLW\ 8. ?iiT,ffK2iK2bQXQ`;fDQ2
&2856( '(6&5,37,21 12 025( 7+$1  :25'6
ॡLV LV D PDWKHPDWLFV FRXUVH RSHQ WR DOO WRSLFV DQG OHYHOV XQOHVV SDUWLFLSDQWV FRPH XS
ZLWK D FRPSHOOLQJ UHDVRQ WR IRFXV GXULQJ WKH FRXUVH ॡH PDLQ ۢSHGDJRJLFDOۣ UHDVRQV
IRU VXFK UDGLFDO RSHQQHVV DUH
 7R JLYH SHRSOH RQH H[WUD UHDVRQ WR WDNH LQLWLDWLYH LQ WKHLU RZQ OHDUQLQJ 2QH PLJKW
VD\ ۢ,۟YH DOZD\V ZDQWHG WR OHDUQ DERXW 3 YV 13 ۣ DQRWKHU PLJKW VD\ ۢ,۟YH DOZD\V ZDQWHG
WR OHDUQ SUHFDOFXOXVۣ ۙ ERWK DUH RYHUFRPLQJ D PHQWDO DQG HPRWLRQDO KXUGOH ,۟P QRW
VXJJHVWLQJ WKDW LW۟V WKH VDPH KXUGOH EXW WKHUH DUH SUREDEO\ VRPH VLPLODULWLHV ,Q WKH
VDPH ZD\ WKDW D ZULWHU۟V ZRUNVKRS FDQ VHUYH ZULWHUV ZLWK GL੘HUHQW LQWHUHVWV WKLV ۢ',<
0DWKۣ ZRUNVKRS FDQ VHUYH PDWKHPDWLFV OHDUQHUV ZLWK GL੘HUHQW LQWHUHVWV E\ SURYLGLQJ D
SODFH WR WDON DERXW WKHLU FKDOOHQJHV DQG VXFFHVVHV
 7R KHOS SHRSOH GHYHORS VNLOOV DW FR RU SHHUWRSHHU WHDFKLQJ 8OWLPDWHO\ SHRSOH KDYH
WR GR WKHLU RZQ KRPHZRUN H[HUFLVHV DQG VR RQ EXW RQH FDQ DOVR OHDUQ D ORW LQ PDWKHPDW

$SSHQGL[ $ ',< 0DWK &RXUVH GHVFULSWLRQ DQG SRVW PRUWHP
LFV E\ KHOSLQJ RWKHUV 0\ ۢWHDFKLQJ SKLORVRSK\ۣ LV WKDW WKHUH DUH QR VWXSLG TXHVWLRQV
HYHQ LI WKHUH DUH D ORW RI GXPE DQVZHUV /HW۟V VHH LI ZH FDQ JHW EH॔HU DW DQVZHULQJ
TXHVWLRQV WRJHWKHU
ॡHUH LV QR Rਜ਼FLDO WH[W ERRN EXW SDUWLFLSDQWV PD\ ZDQW WR WDNH D ORRN DW ۢ+RZ WR VROYH
LWۣ RU RWKHU ERRNV E\ *HRUJH 3RO\D 3DUWLFLSDQWV ZLOO JHW DFFHVV WR D QHZ ۢEHWDۣ JUDGH
OLEUH VR॑ZDUH SODWIRUP EHLQJ GHYHORSHG WR VXSSRUW PDWKHPDWLFDO FRPPXQLFDWLRQ ZH۟OO
DOVR KDYH D PDLOLQJ OLVW DYDLODEOH DV D IDOOEDFN PHFKDQLVP DQG LI \RX۟UH LQWHUHVWHG LQ
WKH FRXUVH SOHDVH VLJQ XS IRU WKH OLVW QRZ WR WDON DERXW \RXU LGHDV RU DQ\ TXHVWLRQV \RX
KDYH DERXW WKH FRXUVH
35(5(48,6,7(6
ॡH ZLOOLQJQHVV WR OHDUQ $OVR \RX۟OO QHHG WR FRPH XS ZLWK VRPH UHDOLVWLF JRDOV IRU D
ZHHN PDWKHPDWLFV FRXUVH
$8',(1&(
, KRSH WKH SDUWLFLSDQWV ZLOO ZDQW WR ERWK DVN DQG DQVZHU TXHVWLRQV &ROOHFWLYHO\ , KRSH
WKDW WKH\ ZLOO KDYH YDULHG EDFNJURXQGV DQG DVSLUDWLRQV
(;3(5,(1&(
, KDYH D EDFKHORU۟V GHJUHH LQ PDWKHPDWLFV IURP 1HZ &ROOHJH RI )ORULGD  DQG ,
GLG D FRXSOH \HDUV RI PDWK JUDG VFKRRO EHIRUH VZLWFKLQJ WR D PRUH ۢ',<ۣ DSSURDFK 0\
FXUUHQW 3K' SURMHFW KDV WR GR ZLWK ۢ&URZGVRXUFLQJ D 3HUVRQDO /HDUQLQJ (QYLURQPHQW
IRU 0DWKHPDWLFVۣ DQG WKLV FRXUVH FDQ EH FRQVLGHUHG WR EH DQ LQIRUPDO GU\ UXQ
3267 0257(0
'HDU ',< 0DWK SDUWLFLSDQWV
, IHHO OLNH WKLV FRXUVH LV H੘HFWLYHO\ RYHU DQG PD\EH ZDV HYHQ ۢRYHU EHIRUH LW EHJDQۣ
WKRXJK , WKLQN QRQH RI XV VDZ WKDW 5DWKHU WKDQ WU\LQJ WR VTXHH]H PRUH RXW RI WKH
FRXUVH WKDQ LW KDV WR R੘HU ,۟G OLNH WR VKDUH P\ UHਗ਼HFWLRQV RQ ۢZKDW ZHQW ZURQJۣ
ॡLV PDLOLQJ OLVW RI FRXUVH FRQWLQXHV WR EH D SODFH WR GLVFXVV ۢ',< 0DWKۣ LQ JHQHUDO
DQG SHUKDSV WKH FRXUVH ZLOO ULVH DJDLQ VRPHWLPH ,۟G OLNH WKDW DQG , DP QRW GLVFRXUDJHG
E\ ZKDW ,۟YH OHDUQHG VR IDU )XUWKHU , ZLVK WR VDOXWH DOO RI \RX IRU \RXU H੘RUWV WR EH
VHOIGLUHFWHG OHDUQHUV %XW , WKLQN ZH QHHG D GL੘HUHQW DSSURDFK
ॡH IROORZLQJ LV P\ RZQ SRVWPRUWHP DQDO\VLV RI WKH FRXUVH ,I \RX ZRXOG OLNH WR DGG
WR LW SOHDVH GR ,I \RX IHHO OLNH WKH FRXUVH LV QRW DFWXDOO\ RYHU QRZ ZRXOG EH D JRRG WLPH
WR VSHDN XS DERXW WKDW WRR

$SSHQGL[ $ ',< 0DWK &RXUVH GHVFULSWLRQ DQG SRVW PRUWHP
0\ DVVHVVPHQW RI WKH FRXUVH ZDV WKDW SDUWLFLSDQWV NQHZPRUH RU OHVV ZKDW WKH\ ZDQWHG
WR IRFXV RQ EXW WKH\ GLGQ۟W H[DFWO\ NQRZ ۢKRZۣ WR VWDUW DQG WKH\ GLGQ۟W SDUWLFXODUO\
ZDQW WR GLVFXVV TXHVWLRQV DERXW ۢKRZ WR GR WKLQJVۣ
8QIRUWXQDWHO\ ۢKRZ TXHVWLRQVۣ ZHUH VXSSRVHG WR EH WKH FHQWUDO IRFXV RI WKLV GLVFXVVLRQ
EDVHG ۢ',<ۣ FRXUVH
$W WKLV SRLQW , FDQ VHH VHYHUDO SURIRXQG VKRUWFRPLQJV LQ WKH ZD\ , GHVLJQHG WKH FRXUVH
QRW WKH OHDVW EHLQJ WKDW WKH LPSOLHG WHQVLRQ EHWZHHQ ۢGRLQJ LW \RXUVHO৒ۣ DQG ۢGLVFXVVLQJ
LW ZLWK RWKHUVۣ ZDV QRW JLYHQ HQRXJK D॔HQWLRQ XS IURQW , KDG KRSHG WKLV ZRXOG EH
D SURGXFWLYH WHQVLRQ RU ۢGLDOHFWLFۣ EXW LW GRHVQ۟W VHHP WR KDYH WXUQHG RXW WKDW ZD\
ॡHUH LV D FHUWDLQ GHJUHH RI FRPPLWPHQW UHTXLUHG WR ZRUN ZLWKLQ VXFK D GLDOHFWLF DQG
QR RQH ZKR VLJQHG XS IRU WKH FRXUVH VHHPHG SDUWLFXODUO\ LQWHUHVWHG LQ WKDW 5DWKHU
DSSOLFDQWV IRU WKH PRVW SDUW ۢMXVW ZDQWHG WR OHDUQ PDWKۣ , GLG QRW GR D YHU\ JRRG MRE
H[SODLQLQJ ZK\ , WKLQN ZRUNLQJ ZLWK WKH GL\SS GLDOHFWLF LV KRZ WR OHDUQ 0RUHRYHU
P\ SHUVRQDO SKLORVRSKLHV DVLGH , VLPSO\ GLGQ۟W GR HQRXJK WR JHW SHRSOH WDONLQJ LQ WKH
FRXUVH SDUWO\ EHFDXVH , UDWKHU EOLQGO\ DVVXPHG WKDW WKH GHVLUH WR GLVFXVV ZRXOG EH VKDUHG
E\ DOO SDUWLFLSDQWV 2U PRUH SUHFLVHO\ , DVVXPHG WKDW WKRVH ZKR ZDQWHG WR GLVFXVV WKH
PRVW ZRXOG FDUU\ WKH FRQYHUVDWLRQ IRUZDUG
$VLGH IURP WKHVH LVVXHV ZKLFK , WDNH UHVSRQVLELOLW\ IRU VRPH RI WKH VKRUWFRPLQJV RI
WKH FRXUVH LWVHOI SRLQW WR GHVLJQ FRQVLGHUDWLRQV WKDW ZRXOG EHVW DSSO\ DW D KLJKHU OHYHO
VRPHWKLQJ OLNH ۢ338 EHVW SUDFWLFHVۣ 2QH FRXOG VD\ WKDW FRXUVHOHYHO DQG 338OHYHO
LVVXHV KDYH VRPH GHJUHH RI ۢWUDGHR৓ۣ EHWZHHQ WKHP
$V RQH YHU\ VLPSOH H[DPSOH ,I 338 ZDV WDNLQJ DQ RQJRLQJ VXUYH\ RI WKH ۢZLVKHG
IRUۣ FRXUVH WRSLFV WR EH WDJJHG DQG YRWHG XS RU GRZQ E\ VLWH YLVLWRUV , ZRXOG SUH
VXPDEO\ KDYH EHHQ DEOH WR FUHDWH D PDWKHPDWLFV FRXUVH WDLORUHG WR WKH LQWHUHVWV RI SUH
VHOIVHOHFWHG SDUWLFLSDQWV LQVWHDG RI IDVKLRQLQJ D FRXUVH WKDW ZDV VXSSRVHG WR VHUYH DOO
PDWKHPDWLFDO LQWHUHVWV VLPXOWDQHRXVO\
$V LW WXUQHG RXW , OHDUQHG DW WKH EHJLQQLQJ RI WKH ',< 0DWK FRXUVH WKDW WKH LQWHUHVWV
RI WKH DSSOLFDQWV ZHUH DSSUR[LPDWHO\ HTXDOO\ GLVWULEXWHG EHWZHHQ  *HQHUDO LQWHUHVW
HJ OHDUQLQJ KRZ WR OHDUQ PDWKHPDWLFV  7HFKQLFDO LQWHUHVW HJ PDWKHPDWLFV IRU FRP
SXWHU SURJUDPPLQJ  0DLQVWUHDP PDWKHPDWLFV HJ SUHFDOFXOXV DQG FDOFXOXV DQG 
$GYDQFHG PDWKHPDWLFV HJ SUREDELOLW\ DQG VWDWLVWLFV
2QH REYLRXV WKLQJ WR GR ۢQH[W WLPHۣ ZRXOG EH WR VLPSO\ UXQ D ۢVWDQGDUGۣ PDWKHPDWLFV
FRXUVH IRU HDFK RI WKHVH IRXU VHJPHQWV ॡLV ZRXOG EH D ORW RI ZRUN WR VHW XS EXW E\
QR PHDQV LPSRVVLEOH SHUKDSV , FRXOG ਖ਼QG VRPH RWKHU SHRSOH ZKR ZRXOG ZDQW WR FR
IDFLOLWDWH WKHVH FRXUVHV 0\ JXHVV LV WKDW ZLWK VLJQLਖ਼FDQW ZRUN DQG D GHVLJQ WKDW GUDZV
RQ 338۟V FROOHFWLYH H[SHULHQFH RI KRZ WR WHDFK DQG KRZ QRW WR WHDFK ۢDFDGHPLF VXE
MHFWVۣ LQ D SHHUWRSHHU VH॔LQJ WKHVH FRXUVHV ZRXOG DOO EH UHDVRQDEO\ VXFFHVVIXO

$SSHQGL[ $ ',< 0DWK &RXUVH GHVFULSWLRQ DQG SRVW PRUWHP
,۟OO DOVR QRWH WKDW LW ZRXOG EH SRVVLEOH WR IRFXV RQ ۢKRZ TXHVWLRQVۣ LQ DQ\ RI WKHVH FRXUVHV
SHUKDSV HVSHFLDOO\ REYLRXV LQ WKH FDVH RI WKH ਖ਼UVW JURXS VLQFH RQH FRXOG FRS\ DQ H[LVWLQJ
FRXUVH RQPDWKHPDWLFDO IRXQGDWLRQV 1HYHUWKHOHVV , WKLQN WKH FRXUVH ZRXOGPRVW OLNHO\
QHHG D ORW PRUH VWUXFWXUH LQ RQH IRUP RU DQRWKHU ॡHUH DUH XQGRXEWHGO\ VHYHUDO GL੘HUHQW
ZD\V WR JR DERXW VWUXFWXULQJ VRPHWKLQJ OLNH WKLV EXW P\ JXHVV LV WKDW HLWKHU ZH۟G QHHG
D PRUH VWHSE\VWHS FXUULFXOXP FUD॑HG WR HDVH SHRSOH LQWR WKLQNLQJ DERXW ۢKRZ WKH\
OHDUQۣ RU HOVH ZH۟G QHHG WR NQRZ LQ DGYDQFH WKDW SDUWLFLSDQWV ZHUH UHDOO\ FRPPL॔HG WR
DVNLQJ DQG DQVZHULQJ ۢKRZۣ TXHVWLRQV
5HJDUGLQJ WKLV LVVXH RI ۢFRPPLWPHQWۣ ۙ ZKLFK LQ IDFW VHHPV TXLWH LPSRUWDQW LQGHSHQ
GHQW RI WKH FRXUVH۟V ۢSHHUWDJRJLFۣ VW\OH ۙ LQ WKH ODWHVW 338 FRPPXQLW\ FDOO $OLVRQ -HDQ
&ROH DJDLQ UHPLQGHG PH DERXW WKH LGHD RI VH॔LQJ XS D VRFLDO FRQWUDFW IRU WKH FRXUVH
, VDLG WR KHU WKDW WKLV VHHPHG OLNH DQRWKHU LVVXH WKDW FRXOG SRWHQWLDOO\ EHQHਖ਼W IURP VXS
SRUW FRPLQJ IURP D OHYHO DERYH LQGLYLGXDO FRXUVHV HJ E\ LQYROYLQJ DQ ۢFRXUVH PHQWRUۣ
ZKR ZRXOG KHOS IDFLOLWDWH WKH FUHDWLRQ RI D VRFLDO FRQWUDFW IRU WKH FRXUVH ॡLV FRXOG EH
VRPHRQH ZKR KDG SUHYLRXVO\ UXQ D ۢVXFFHVVIXOۣ FRXUVH
6XFK DQ LGHDPLJKW JR DORQJZLWK UHWKLQNLQJ DQG QXUWXULQJ WKH ۢVRFLDO FRQWUDFWVۣ LPSOLFLW
WR WKH 338 VWUXFWXUH LWVHOI LHZHZRXOG DVN RXUVHOYHV ZKDW ZH VKDUH DV D EURDGHU OHDUQ
LQJ FRPPXQLW\ 6RPH RWKHU JUDVVURRWV RUJDQL]LQJ VW\OHV DUH YHU\ VWURQJ RQ WKLV DVSHFW
ERWK WKRVH WKDW DUH ۢUDGLFDOL]HGۣ DQG RWKHUV WKDW DUH PRUH SROLWLFDOO\ PRGHUDWH
7R VXP XS , WKLQN D FRXUVH EXLOW DURXQG ۢKRZ WR OHDUQ PDWKHPDWLFVۣ LV D JUHDW LGHD
7U\LQJ WR LQYROYH PDWKHPDWLFV OHDUQHUV DW DOO OHYHOV LQ GLVFXVVLQJ WKLV TXHVWLRQ LV DOVR
SUREDEO\ D JRRG LGHD EXW D FRXUVH PD\ QRW EH WKH EHVW ZD\ WR KDYH VXFK D GLVFXVVLRQ
&HUWDLQO\ SHRSOH QHHG WR NQRZ ZKDW WKH\ DUH JH॔LQJ LQWR LQ DQ\ FDVH
7R FRQFOXGH +RSHIXOO\ ZH FDQ ਖ਼QG WKH ۢULJKWۣ JURXS WR PDNH SURJUHVV RQ WKHVH LVVXHV
LQ WKH IXWXUH ॡLV FRXUVH KDV EURXJKW XS VRPH RI WKH FRUH SUREOHPV WKDW DSSO\ WR SHHUW
DJRJ\ :H VKRXOG FXW RXUVHOYHV VRPH VODFN EHFDXVH WKLV ਖ਼HOG LV VR QHZ WKDW , KDG WR
FRPH XS ZLWK D QHRORJLVP KHUH DQG QRZ WR GHVFULEH LW ,I WKDW۟V WR EH D ODVWLQJ SRVLWLYH
RXWFRPH RI WKH FRXUVH , VXSSRVH ZH VKRXOG R੘HU D PRUH IRUPDO YHUVLRQ ۢSDUDJRJ\ۣ QRW
WR EH WRR KHDYLO\ FRQIXVHG ZLWK WKH HW\PRORJLFDOO\ UHODWHG ۢSDUDJRJHۣ :KDWHYHU ZH
GHFLGH WR FDOO LW WKH NH\ SRLQW RI ',< 0DWK DV D JHQUH LV WR GR DZD\ ZLWK WKH DUWLਖ਼FLDO
GLVWLQFWLRQ EHWZHHQ SHGDJRJXHV DQG OHDUQHUV ॡLV LV D SRZHU VWUXJJOH SDU H[FHOOHQFH
HDV\ HQRXJK WR PRFN SHUKDSV EXW RQH , WKLQN ZH VKRXOG QRW LJQRUH
ॡDQN \RX IRU \RXU D॔HQWLRQ
-RH

% $ SDUDJRJ\LQVSLUHG FRGLQJ
IRU WZR PDWKHPDWLFDO SURRIV
ॡLV DSSHQGL[ DSSOLHV WKH SDUDJRJ\ IUDPHZRUN WR D IHZ VKRUW PDWKHPDWLFDO WH[WV
WR KHOS VKRZ KRZ WKH LGHDV DERXW SHHU OHDUQLQJ GHYHORSHG LQ WKH HDUO\ VHFWLRQV RI WKLV
WKHVLV UHODWH WR WKH PDWKHPDWLFV GRPDLQ
$V H[DPSOH WH[WV ,۟YH FKRVHQ WZR PDWKHPDWLFDO SURRIV ZKHUH ۢWKH REYLRXV WKLQJ
ZRUNV ۣ DV SUHVHQWHG E\ 7LPRWK\ *RZHUV LQ D UHFHQW WDON RQ0RGHOOLQJ WKH PDWKHPDWLFDO
GLVFRYHU\ SURFHVV *RZHUV 	 *DQHVDOLQJDP  ॡH GHWDLOHG VPDOO VWHSV SUHVHQWHG
LQ WKLV WDON JLYH FRQFUHWH H[DPSOHV RI *RZHUV۟V QRWLRQ RI WKH ۢTXDQWXP RI SURJUHVVۣ
DV GHVFULEHG LQ &KDSWHU  ॡH LQGLYLGXDO VWHSV DUH FRGHG DV     RU  E\
PDWFKLQJ LQWR WKLV VFKHPH
1RZDN 3DUDJRJ\
 NLQ VHOHFWLRQ FRQWH[W
 GLUHFW UHFLSURFLW\ IHHGEDFN
 LQGLUHFW UHFLSURFLW\ TXDOLW\
 VSDWLDO VHOHFWLRQ VWUXFWXUH
 JURXS VHOHFWLRQ KHXULVWLF!udcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymod#udcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymod$
ۢVRFLDO WKHRULHVۣ
/DNDWRV 3HLUFH
FRQFHSWV ۙ
H[DPSOHV LQGXFWLRQ
FRQMHFWXUHV DEGXFWLRQ
SURRI GHGXFWLRQ
RWKHU ۙ!udcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymod#udcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymodudcurlymod$
ۢORJLFDO WKHRULHVۣ
ॡLV GLVFXVVLRQ FDQ EH FRQQHFWHG WR WKH 0LQVNLDQ KHXULVWLFV IRU SUREOHP VROYLQJ DQG
WKH GHVLJQ SD॔HUQV WKDW ZHUH LQWURGXFHG LQ &KDSWHU  DQG &KDSWHU  ॡLV OHDGV WR WKH
VKRUW RXWOLQH RI KHXULVWLFV IRU VRFLDO SUREOHP VROYLQJ ZKLFK DSSHDUV DW WKH HQG RI WKH
DSSHQGL[ ॡLV FDQ EH WDNHQ DV D YHU\ SUHOLPLQDU\ VNHWFK RI SRWHQWLDO ۢLPSOHPHQWDWLRQ
GHWDLOVۣ IRU DQ DJHQWEDVHG V\VWHP WKDWZRXOG XVH GHVLJQ SD॔HUQV WR GR SURRIV RU WXWRULQJ
LQ PDWKHPDWLFV

$SSHQGL[ % &RGLQJ IRU WZR PDWKHPDWLFDO SURRIV
7R SURYH $ FRPSDFW VXEVHW RI D +DXVGRUॗ WRSRORJLFDO VSDFH LV FORVHG
)LUVW PD\EH LW LVQڥW VR LPSRUWDQW WR NQRZ WKH PHDQLQJ RI WKH WHUPV
> ॡLV LV DQ R੘KDQGHG UHPDUN WKDW LV DOPRVW FHUWDLQO\ QRW WUXH EXW LW GRHV VXJJHVW
DQ LPSRUWDQW KHXULVWLF UHVWULFWLQJ WKH XQNQRZQ WR ZKDWHYHU LW LV WKDW ZH GR NQRZ@
6HFRQG ࡍLV LV QRW WUXH LQ QRQ+DXVGRUठ WRSRORJLFDO VSDFHV
>  ॡLV ORRNV OLNH DQ DVLGH RU SRWHQWLDOO\ DQ H[WUD OHPPD WR SURYH KRZHYHU WKH
SXUSRVH LW VHUYHV LQ WKLV FRQWH[W LV WR HQVXUH WKDW ZH KDYH WKH FRQFHSWV ULJKW@
ࡍH डUVW VWHS LV VOLJKWO\ QRQREYLRXV :HڥOO WU\ WR SURYH WKDW $∁ LV RSHQ
>   ॡLV LV DQ HTXLYDOHQW GHਖ਼QLWLRQ RI WKH SUREOHP VWDWHPHQW KRZHYHU LW۟V
ۢVOLJKWO\ QRQREYLRXVۣ ZK\ WKLV LV EHLQJ XVHG DV D SURRI VWHS /DWHU LQ WKH SURRI ZH۟OO
VHH ZK\ ۙ IRU DQ H[SHUW ZKR KDV D IHHO IRU WKH VWUXFWXUH RI SURRIV OLNH WKLV WKLV FKRLFH
RI SKUDVLQJ LV UHODWLYHO\ REYLRXV@
6R JLYHQ D SRLQW \ ∉ $ ZH QHHG DQ ΊEDOO DURXQG \ WKDW GRHVQڥW LQWHUVHFW $
>  ॡH LGHD ZLOO EH WR PDS WKLV K\SRWKHWLFDO \ WR VRPH FRQMHFWXUDO EXW FRQFUHWH
IHDWXUH WKH RSHQ EDOO WKDW GRHVQ۟W LQWHUVHFW $@
7DNH D FXH <RX KDYH D OLEUDU\ RI WKLQJV WKDW FDQ EH XVHG LQ WKH SURRI 8VH DQ HTXLYDOHQW
VWDWHPHQW
>  $JDLQ ZH۟UH UHPLQGHG WR UHVWULFW WKH XQNQRZQ WR ZKDW ZH NQRZ@
/HW \ ∉ $
>  ॡLV LQWURGXFHV WKH H[DPSOH ZH QHHG WR RSHUDWLRQDOL]H RXU PDLQ FRQMHFWXUH VR
IDU@
1RZ H[SDQG VRPHWKLQJ HOVH %HFDXVH RI FRPSDFWQHVV HYHU\ RSHQ FRYHU RI $ KDV D डQLWH
VXEFRYHU
>  0HFKDQLFDO H[SDQVLRQ RI WKH GHਖ਼QLWLRQ@
)LQGLQJ DQ RSHQ FRYHU RI $ ZRXOG PHDQ डQGLQJ D FROOHFWLRQ RI VHWV 8 VXFK WKDW ∀[ ∈
$⇒ ∃8([) ∈ 8 ∶ [ ∈ 8([) DQG 8 RSHQ
>  0HFKDQLFDO H[SDQVLRQ RI WKH GHਖ਼QLWLRQ@
%HFDXVH RI WKH +DXVGRUॗ SURSHUW\ ∀X ≠ Y DUH VXFK WKDW WKHUH DUH GLVMRLQW RSHQ VHWV
8 DQG 9 VXFK WKDW X ∈ 8 Y ∈ 9
>  0HFKDQLFDO H[SDQVLRQ RI WKH GHਖ਼QLWLRQ@
:H QRZ NQRZ WKDW ڨ8([,\)ک FRQWDLQLQJ [ DQG QRW \ H[LVWV EHFDXVH RI WKH +DXVGRUठ
SURSHUW\ DQG EHFDXVH [ ≠ \ 6\PPHWULFDOO\ IRU 9([,\) /HW 8 EH WKH VPDOOHVW VHW RI

$SSHQGL[ % &RGLQJ IRU WZR PDWKHPDWLFDO SURRIV
{8([,\) ∣ [ ∈ $} 6LPLODUO\ OHW 9 = {9([,\) ∣ [ ∈ $}
>   :H۟UH PDSSLQJ WKH K\SRWKHWLFDO \ WR VRPH DGGLWLRQDO FRQVWUXFWV 8 DQG
9 EXLOGLQJ D PRUH FRPSOHWH PRGHO RI WKH VSDFH $V SDUW RI WKLV FRPSOH[ JHVWXUH WKH
SODFHKROGHU [ ∈ $ LV LQWURGXFHG DV D H[DPSOH@
/HW ) = {8([फ,\), . . . ,8([Q,\)} EH D डQLWH VXEFRYHU RI 8
>  :H QRZ DSSO\ WKH GHਖ਼QLWLRQ ZH H[SDQGHG HDUOLHU@
Z ∈ $ LPSOLHV Z ∈ 8([L,\) DQG Z ∉ 9([L,\)
>   $SSO\LQJ SUHYLRXV GHਖ਼QLWLRQV WR PRYH DURXQG WKH XQNQRZQV@
\ ∈ 9 ⊂ ⋂1L=फ 9([L,\) ࡍLV ZRXOG EH SXOOHG RXW RI WKH OLEUDU\
>   ॡH IDFW WKDW ਖ਼QLWH LQWHUVHFWLRQV RI RSHQ VHWV DUH RSHQ LV D NH\ ۢFRQFHSWۣ
WKDW FDQ EH DSSOLHG :H KDYH QRZ SRVLWLRQHG WKH XQNQRZQ \ LQ DQ RSHQ VHW WKDW GRHV
QRW LQWHUVHFW $ ॡHUH LV DOVR D ELW RI GHGXFWLRQ LPSOLHG@
$OO WKH ZD\ WKURXJK HYHU\WKLQJ ZH GLG ZDV H[WUHPHO\ URXWLQH
>  ॡLV FHUWLਖ਼HV WKH SURRI@
$ ڗ0DJLF /HDSژ SUREOHP FRPSXWH WKH WK GLJLW RI (√ब +√भ)बपफब
:KDW LV WKH WK GLJLW RI (√ब +√भ)बपफब"
>  ॡLV LV MXVW WKH VWDWHPHQW RI WKH SUREOHP@
(YHQ WKLV HYHQWXDOO\ D FRPSXWHU ZLOO EH DEOH WR VROYH
> ॡLV LV DQ DVLGH EXW LW SRLQWV RXW WKDW WKHUH LV VRPHWKLQJ KHUH WKDW LV QRQREYLRXV
ۙ LH DQ ۢXQNQRZQ ۣ@
)RU QRZ QRWLFH WKDW WRWDO VWXFNQHVV FDQ PDNH \RX GR GHVSHUDWH WKLQJV )XUWKHUPRUH
NQRZLQJ WKH RULJLQ RI WKH SUREOHP VXJJHVWV JRRG WKLQJV WR WU\ ࡍH IDFW WKDW LW LV VHW DV D
SUREOHP LV D KXJH FOXH
>   :H LQLWLDOO\ JXHVV WKDW ZH۟UH ۢWRWDOO\ VWXFN ۣ EXW WKHQ WKLQN PRUH DERXW WKH
FRQWH[W WU\LQJ WR PRYH EH\RQG WKH SDJH WR VHH ZKDW PLJKW EH LPSOLHG 1RWH WKDW WKH
VRFLDO FRQWH[W LV UHIHUUHG WR UDWKHU WKDQ WKH VHPDQWLF FRQWH[W@
&DQ ZH GR WKLV IRU ([ + \)" )RU H" 5DWLRQDOV ZLWK VPDOO GHQRPLQDWRU"
>  :H KDYH QRZ PDGH D FULWLFDO VWHS PRYLQJ IURP D ۢNQRZQۣ EORE RI WH[W WR D
VWDWHPHQW ZLWK D XVHIXO XQNQRZQ LQ LW :H FDQ WKHQ ਖ਼OO LQ WKLQJV WKDW ZH KDYH VRPH
KRSH RI GRLQJ FDOFXODWLRQV DERXW LQ SODFH RI WKLV XQNQRZQ ۙ IRU LQVWDQFH (फ/ब)बपफब RU(फ/फप)बपफब@

$SSHQGL[ % &RGLQJ IRU WZR PDWKHPDWLFDO SURRIV
$QG KRZ DERXW VPDOO SHUWXUEDWLRQV RI WKHVH" 0D\EH LW LV FORVH WR D UDWLRQDO"
>  :H QRZ EHJLQ WR IRUP D FRQMHFWXUH@
PWK GLJLW RI (√ब +√भ)Q"
>  ,QWURGXFH YDULDEOHV DV D JHQHUDOL]DWLRQ RI WKH SUREOHP VWDWHPHQW :H FDQ۟W GHDO
ZLWK WKH FRQMHFWXUH GLUHFWO\ VR ZH۟OO H[SORUH@
(√ब +√भ)ब"
>  7U\ D SDUWLFXODU H[DPSOH :H۟UH QRZ H[SORULQJ WKH JHQHUDOL]DWLRQ RI WKH SURE
OHP@
(ब + ब√ब√भ + भ)
>  -XVW FRPSXWDWLRQ@
(√ब +√भ)ब + (√भ −√ब)ब = फप
>   $ VRPHZKDW FOHYHU LGHD ZH۟YH EXLOW DQ H[DPSOH WKDW ZH FDQ XQGHUVWDQG
+RZHYHU WKLV VWHS LV DOVR DEGXFWLYH ۙ ZH PD\ KDYH IRXQG D FODVV RI H[SUHVVLRQV WKDW ZH
FDQ XQGHUVWDQG LQ D VLPLODU ZD\@
(√ब +√भ)बपफब + (√भ −√ब)बपफब LV DQ LQWHJHU
>  $OO WKH WHUPV ZLWK RGG SRZHUV LQ WKH VHFRQG SURGXFW DOVR KDYH RGG H[SRQHQWV
RQ WKH IDFWRU −फ VR WKH\ FDQFHO ZLWK FRUUHVSRQGLQJ WHUPV IURP WKH ਖ਼UVW SURGXFW@
$QG (√भ −√ब)बपफब LV D YHU\ VPDOO QXPEHU 0D\EH WKH डQDO DQVZHU LV ڨک"
>  :H UHਖ਼QH RXU HDUOLHU FRQMHFWXUH@
:H QHHG WR FKHFN ZKHWKHU LWڥV VPDOO HQRXJK (√भ − √ब)बपफब < ( फब)बपफब = (( फब)म)यपभ =( फफर)यपभ < .फयपभ VR ZHڥUH LQ OXFN. . .
>  ॡLV LV LPSRUWDQW WR FKHFN ,Q IDFW ZH FRXOG VKRZ WKDW (√भ −√ब)बपफब LV VWLOO
VPDOOHU EXW LW LV QRW LQਖ਼QLWHO\ VPDOO@
ࡍH DQVZHU LV LQGHHG 
>  :H۟YH FRQਖ਼UPHG WKDW (√ब+√भ)बपफब LV YHU\ FORVH WR EXW MXVW OHVV WKDQ DQ LQWHJHU
E\ WKH ULJKW DERXW@
ॡH IROORZLQJ SDJH FROOHFWV WKH NH\ LGHDV GHYHORSHG DERYH DQG FRQQHFWV WKHP ZLWK
7DEOH  >i S @ DQG 7DEOH  >i S @ 2QH FDQ DOVR FRPSDUH WKH V\VWHP GHVLJQ
RYHUYLHZ IURP &KDSWHU  >i S @ ZKLFK R੘HUV D YHU\ GL੘HUHQW EXW FRPSOHPHQWDU\
LQWHUSUHWDWLRQ RI ZKDW DUH DW WKHLU URRW WKH VDPH ਖ਼YH GLPHQVLRQV

$SSHQGL[ % &RGLQJ IRU WZR PDWKHPDWLFDO SURRIV
 2QH RI WKH WKLQJV WKDW ۢH[SHUWV GRۣ LV H[SDQG WKH GHडQLWLRQ ([SHUWV DOVR KDYH
WKH DELOLW\ WR DSSURSULDWHO\ ۢVFRSHۣ WKH SUREOHP WR H[SODLQ ZK\ LW LV IHDVLEOH
RU LPSRUWDQW DQG WR FRQYH\ VRPH VHQVH RI SXUSRVH WR RWKHUV $Q H[SHUW FDQ
ਖ਼QG WKH UHOHYDQW UHODWHG FRQFHSWV HVWDEOLVKLQJ WKH FRQWH[W RI WKH SUREOHP ,Q
VRPH FDVHV WHFKQLFDO GHਖ਼QLWLRQV FDQ VLPSO\ EH ۢSXOOHG RXW RI WKH OLEUDU\ۣ ۙ EXW
DQ H[SHUW NQRZV ZKLFK SRUWLRQ RI WKH OLEUDU\ WR VHDUFK LQ
 ۢ3ROOLQJ IRU LGHDVۣ FDQ KHOS JHQHUDWH D VHW RI H[DPSOHV ,I \RX GRQ۟W NQRZ
TXLWH ZKDW WR GR \RX FDQ WU\ DQ H[DPSOH WR JHQHUDWH LGHDV E\ FRQVLGHULQJ D
VSHFLDO FDVH RU D SDUWLFXODU LQVWDQFH RI WKH SUREOHP ,Q WKLV ZD\ LQ H[FKDQJH
IRU PRGHVW H੘RUW H[DPSOHV R੘HU IHHGEDFN RQ WKH SUREOHP VROYLQJ SURFHVV
3DFLQJ RQHVHOI DQG FXOWLYDWLQJ DSSURSULDWH GLYHUVLW\ DPRQJ LQVWDQFHV FRPSULVH
DQ LPSRUWDQW FODVV RI KHXULVWLFV UHODWHG WR H[DPSOH VHOHFWLRQ :LWKLQ D SURRI
YDULDEOHV FDQ EH LQWURGXFHG DV H[DPSOHV ZKLFK FDQ KDYH HLWKHU ۢJOREDOۣ RU
ۢORFDOۣ VLJQLਖ਼FDQFH ,Q VRPH FDVHV ਖ਼QGLQJ HYHQ RQH UHODWLYHO\ FRPSUHKHQVLEOH
H[DPSOH FDQ VXJJHVW D WKHRU\ WKDW OHDGV WR WKH VROXWLRQ
 &RQMHFWXUH KDV WR GR ZLWK RXWOLQLQJ D SODQ VLJKWLQJ D SDWK RU ۢFUHDWLQJ D
JXLGHۣ &RQFHUQLQJ WH[WERRN SUREOHPV DV ۢࡍH IDFW WKDW LW LV VHW DV D SUREOHP LV
D KXJH FOXHۣ &RQVWUXFWLRQV SURYLGH DQDORJLHV DQG WHQWDWLYH H[SODQDWLRQV SUR
YLGH PRGHOV ॡHVH PRGHOV FDQ VXEVHTXHQWO\ EH HYDOXDWHG RQ WKHLU ਖ਼WQHVVIRU
SXUSRVH 6XFK HYDOXDWLRQV DOORZ D SUREOHP VROYHU WR SURJUHVVLYHO\ EXLOG DQG
UHਖ਼QH DQ DUJXPHQW +HOSIXO FRQMHFWXUHV DUH ۢUHZDUGHGۣ ZLWK IXUWKHU D॔HQWLRQ
ۙ QRQKHOSIXO FRQMHFWXUHV HJ ۢWRWDO VWXFNQHVVۣ DUH DEDQGRQHG
 ۢ&KDQJLQJ WKH GHVFULSWLRQۣ RI D FRQVWUXFW ۙ E\ V\PERO VZDSSLQJ DQG E\ XVLQJ
VXLWDEOH GHਖ਼QLWLRQV ۙ FDQ KHOS VKHG WR OLJKW RQ D SUREOHP $ QHZ GHਖ਼QLWLRQ SUR
YLGHV D FRQFLVH ۢZUDSSHUۣ IRU DQ LGHD RU PHWKRG 'HGXFWLRQV RU SURRI VWHSV DUH
W\SLFDOO\PHDQW WR EH VWUDLJKWIRUZDUG DSSOLFDWLRQV RI WKH GHਖ਼QLWLRQV $OWKRXJK
WKH VWUXFWXUH RI D SURRI UHDGV ۢOLQHDUO\ ۣ WKH ZD\ D SUREOHP VROYHU ਖ਼QGV WKH
ULJKW SURRI VWHSV LV R॑HQ QRQOLQHDU
 $ ۢURDGPDSۣ LV D VKDUHG VWUDWHJLF SODQ WKDW LV DOORZHG WR FKDQJH ,W R॑HQ FRPHV
ZLWK UXOHV DERXW WKH JURXS RI DJHQWV ZKR DUH LQ IDFW DOORZHG WR FKDQJH LW
:KHQ IRUPXODWLQJ D SURRI ZH R॑HQ EHJLQ E\ UHVWULFWLQJ RXUVHOYHV WR WKH SDUWV
WKDW ZH NQRZ ۙ OHDYLQJ OL॔OH DUFKLSHODJRV RI WKH XQNQRZQ RQ RXU PDS ZKLFK
FDQ WKHQ EH GLYLGHG XS DQG H[DPLQHG ॡH UHOHYDQW RSHUDWLRQV LQ SURRIV DUH
QRW VLPSO\ DERXW V\VWHPDWLFDOO\ EUHDNLQJ GRZQ WKH XQNQRZQ EXW DOVR LQFOXGH
WKH VNLOOIXO LQWURGXFWLRQ RI XQNQRZQV


& 6HOHFWHG TXRWHV IURP LQLWLDO
क़HOGZRUN ZLWK VWDNHKROGHUV
6HFWLRQV &ۙ& FRQWDLQ SRUWLRQV RI GLDORJ IURP WKH LQLWLDO IRFXV JURXS ZLWK FRPSXW
LQJ SRVWJUDGXDWHV WKDW LV GHVFULEHG LQ &KDSWHU  'LVFXVVDQWV ZHUH 0 0 DQG 0
VHOILGHQWLਖ਼HG DV ۢPRUH PDWKHPDWLFDOۣ DQG / / DQG / ۢOHVV PDWKHPDWLFDOۣ 6HF
WLRQV &ۙ& EULHਗ਼\ VXPPDUL]H WKH NH\ IHDWXUHV VH॔LQJ VSHDNHU HWF RI FRPPHQWV E\
SURIHVVLRQDOV WKDW LQIRUP WKH ODWHU VHFWLRQV RI &KDSWHU  3ULPDU\ GLVFXVVDQWV ZHUH 0XU
GRFK -DPHV *DEED\ 0-* DQG $OLVRQ 3HDVH $3 ॡHVH GLVFXVVLRQV ZHUH QRW UHFRUGHG
EULHI VDPSOHV IURP P\ QRWHV DUH SUHVHQWHG LQ $SSHQGL[ (
& 'LDORJ :RXOG \RX क़QG WKLV VRUW RI WRRO VXLWDEOH
IRU XVH LQ \RXU ZRUN RU VWXGLHV"
0 2. VR \HDK WKH डUVW WKLQJ WKDW FRPHV WR PLQG LV ZK\ ZRXOG VRPHERG\ ZRXOG
ORRN IRU VRPHWKLQJ OLNH WKDW" (VSHFLDOO\ LI \RX DVVXPH WKH\ڥUH QRW DZDUH RI WKLV 3ODQHW0DWK
ZHEVLWH ULJKW 6R WKLV VKRXOG EH DQ LGHDO डUVW SODFH IRU VRPHRQH WR JR RQOLQH DQG ORRN IRU
VRPH KHOS 6R LQ P\ FDVH ,ڥP VWXG\LQJ SDUW WLPH D GHJUHH LQ PDWKV KHUH DW WKH 2SHQ
8QLYHUVLW\ DQG WKLV ڟ LWڥV DQ RQOLQH GLVWDQFH OHFWXUH WKLQJ ڟ DQG WKHUHIRU WKH\ SURYLGH WKH
SODWIRUP \RX FDQ KDYH VRPH NLQG RI LQWHUDFWLRQ ZLWK RWKHU VWXGHQWV DQG VWXठ 6R OLNH WKH
डUVW SRLQW RI UHIHUHQFH , ZRXOG OLNH JR LQ FDVH , HQFRXQWHU SUREOHPV ڟ VR ,ڥP ZRUNLQJ
WKURXJK WKH ERRN ,ڥP WU\LQJ WR XQGHUVWDQG D PHWKRG LQ &DOFXOXV , KDYH D SUREOHP DQG ,
GRQڥW XQGHUVWDQG WKLV ڟ VR , JR WR WKH IRUXP WR VHH LI VRPHRQH HOVH KDG WKH YHU\ VDPH SUREOHP
DQG VHH LI WKHUHڥV DQ H[SODQDWLRQ DERXW WKDW SUREOHP DQG WKDW ZRXOG EH WKH डUVW WKLQJ , GR
$QG LI , GRQڥW JHW DQ DQVZHU WKHUH ,ڥOO WU\ WR SRVW VRPHWKLQJ RQ WKDW IRUXP ZKLFK LV DOUHDG\
WKHUH 6R DOO ,ڥP WU\LQJ WR VD\ LV WKDW WKH ZD\ , RSHQ XS LV DOVR UHODWHG WR WKH WKLQJV , NQRZ
6R , ZRXOGQڥW \RX NQRZ JR RQOLQH WR ORRN IRU D IRUXP WKDW , GRQڥW NQRZ LW PLJKW WDNH VRPH

$SSHQGL[ & 6HOHFWHG TXRWHV IURP LQLWLDO क़HOGZRUN ZLWK VWDNHKROGHUV
WLPH DOVR WR IDPLOLDUL]H P\VHOI DOVR ZLWK WKH ZKROH VWUXFWXUH DQG KRZ LW ZRUNV DQG \RX
NQRZ \RX QHHG OLNH ZKHQ \RX FRQFHQWUDWH \RXڥUH WU\LQJ WR XQGHUVWDQG VRPHWKLQJ \RX
QHHG WR EH OLNH RQ D UROO
0 %XW WKHUHڥV RQH H[WUD SRLQW EHFDXVH LI \RXڥUH KDYLQJ VD\ D SUREOHP ZLWK &DOFXOXV
ZRXOG \RX WUXVW WKH IRUXP" 6R GR WKH XVHUV KDYH D UDWLQJ LQ WHUPV RI H[SHULHQFH"
0 :HOO \RX KDYH WKH ڟ KRZ GR \RX FDOO LW QRW UHJXODWRUV
/ 0RGHUDWRUV
0 0RGHUDWRUV \HDK
0 %XW ZH GLGQڥW PHQWLRQ DQ\WKLQJ DERXW PRGHUDWRUV RU FHQWUDO FRQWURO %HFDXVH VD\
LQ :LNLSHGLD RU LQ RWKHU ZLNLV \RX KDYH VRPH VRUW RI PRGHUDWRUV DQG FHQWUDO FRQWURO MXVW
WR HQVXUH VRPH VRUW RI TXDOLW\ 2U FDQ WKH\ MXVW JR DQG GHडQH VRPHWKLQJ DQG WKHQ ZDLW IRU
RWKHUV WR VD\ ZHOO WKLV LV ZURQJ"
/ /LNH , WKLQN WKH GLVFXVVLRQ DERXW OLNH D FRXUVH IRUXP YHUVXV D PRUH JHQHUDO 3ODQ
HW0DWK W\SH IRUXP LV DQ LQWHUHVWLQJ WKLQJ WR WKLQN DERXW XP EHFDXVH ZKDW , ZRXOG WKLQN
DERXW DJDLQ QRW IURP D PDWK EDFNJURXQG LV NLQG RI LQVWUXFWRU EX\ LQ , WKLQN OLNH WKH
EHQHडW RI \RX JRLQJ WR \RXU FRXUVH IRUXP LV WKDW \RXU LQVWUXFWRU LV WKHUH DQG \RXU FODVV
PDWHV DUH WKHUH DQG \RXڥUH XVLQJ WKH VDPH WH[WV $QG DJDLQ ,ڥP QRW NQRZOHGJHDEOH DERXW
PDWK EXW VD\ LI , ZHUH WR SOXJ LQ VRPHWKLQJ DERXW ORQJ GLYLVLRQ WKHUH DUH GLठHUHQW ZD\V RI
WHDFKLQJ DQG OHDUQLQJ ORQJ GLYLVLRQ VR , JXHVV ڟ WKH ڨSURک RI JRLQJ WR VRPHWKLQJ ZLWKLQ WKH
FRXUVH LV WKDW \RXڥOO EH WDXJKW DQG \RXڥOO NQRZ \RXڥOO KDYH VLPLODU SDUDPHWHUV RU VLPLODU
PHWKRGRORJ\ $QG ZKHUHDV ZLWK 3ODQHW0DWK , WKLQN LI , ZHUH JRLQJ WKHUH DV VRPHRQH ZKR
LV D WRWDO PDWK QHZELH LW ZRXOG DOPRVW RYHUZKHOPLQJ WR SDUVH WKH W\SH RI LQIRUPDWLRQ
& 'LDORJ 'HVFULEH \RXU OHDUQLQJ VW\OH
/ ,I , DSSURDFK WKLV WKLQJ IURP , ZDQW WR LQFUHDVHP\PDWKHPDWLFV VNLOOV , GRQڥW H[DFWO\
NQRZ ZKHUH , DP EHFDXVH , VWRSSHG GRLQJ VFKRRO FRXUVHV  \HDUV DJR VR ,ڥYH JDLQHG VRPH
DQG ,ڥYH ORVW VRPH ,ڥP LQWHUHVWHG LQ WKLV DQG WKDW DQG JHQHUDOO\ YHU\ LQWHUHVWHG PD\EH
QRW LQ WKLV EXW WKLV ڟ EXW , GRQڥW VHDUFK VSHFLडFDOO\ IRU D WRSLF EXW MXVW VRPHWKLQJ WKDW ZLOO
JHW PH IXUWKHU $QG JHࡉLQJ PH IXUWKHU VRUW RI LPSOLHV WKDW LWڥV DW P\ VNLOO OHYHO VR WKDW ,
FDQ XQGHUVWDQG WKH WH[W 6R WKDW UHTXLUHV D OLࡉOH ELW RI VHDUFKLQJ DURXQG SUREDEO\ ORRNLQJ
DW GLठHUHQW WKLQJV :KDW UHDOO\ ZRXOG ZRXOG KHOS PH LV WUXVW DJDLQ WUXVW LQ WKH IDFW WKDW
LI , GRQڥW XQGHUVWDQG VRPHWKLQJ RU ,ڥP VWXFN LWڥV P\ RZQ IDXOW LWڥV QRW GXH WR DQ HUURU LQ
WKH SUREOHP RU DUWLFOH 6R WKDWڥV ZKHUH , ZRXOG VWDUW DQG WKHQ SUHVXPDEO\ LW ZRXOG EH QLFH
WR KDYH VRPHWKLQJ OLNH D PDS RU D KLVWRJUDP RU D OLVW RU D FKDUW RI WKH DUHD ڟ WKH FKDUWHG
DUHD RU WKH XQFKDUWHG >    @

$SSHQGL[ & 6HOHFWHG TXRWHV IURP LQLWLDO क़HOGZRUN ZLWK VWDNHKROGHUV
/ :KDW LV LW OLNH \RX JHW D TXHVWLRQ WKH VTXDUH URRW RI  IRU H[DPSOH DQG WKHQ \RX
DQVZHU LW ڟ LI WKH TXHVWLRQڥV PRUH FRPSOH[ ZKDW GRHV WKH DQVZHULQJ ORRN OLNH GR \RX VRUW
RI JR DZD\ DQG GR \RXU VFULEEOLQJV RQ VRPH SDSHU DQG \RX डQG WKH DQVZHU DQG \RX SRVW
LW LQ RU LV LW PRUH OLNH LV WKH SUREOHP VROYLQJ SURJUHVVLYH LQ VWHSV" >    @
/ 6R , WKLQN WKDW IRU SHRSOH OLNH / DQG PH ZKR OLNH WR GR SURWRW\SLQJ DQG GR LWHUDWLYH
VROXWLRQV DQG DSSUR[LPDWH D VROXWLRQ >    @
& 'LDORJ +RZ GR \RX FXUUHQWO\ VROYH SUREOHPV"
0 ,WڥV QRW SUDFWLFDO IRU ORJLF EXW ZKHQ \RX GR VRPH SURJUDPPLQJ \RX KDYH WR SDUVH
VRPH WH[W \RX ZRXOG ORRN LI VRPHRQH HOVH KDG VROYHG LW DQG XVH WKHLU VROXWLRQ MXVW WR VDYH
VRPH WLPH
0 , WKLQN ZKDWڥV LPSRUWDQW LV WKH LPPHGLDF\ RI WU\LQJ WR VROYH LW <RXڥUH WKHUH \RXڥUH
FRQFHQWUDWLQJ <RX GRQڥW ZDQW WR ORVH WKLV FRQFHQWUDWLRQ JHW IDPLOLDU ZLWK D ZHEVLWH WKDW
ZRXOG WRWDOO\ GHVWUR\ P\ FRQFHQWUDWLRQ ࡍH डUVW WKLQJ , ZRXOG GR LV VWLFN ZLWK LW >    @$QG
LW FRXOG EH OLNH DQ H[HUFLVH WKDW \RX DUH WU\LQJ WR VROYH IRU WKH DVVLJQPHQW WKDW \RX KDYH
WR VXEPLW DQG \RX ZDNH XS ZLWK WKH VROXWLRQ LQ \RXU PLQG 6R WKDWڥV RQH ZD\ RI VROYLQJ
WKH SUREOHP ࡍHQ \RX PLJKW QHHG WR JR WR WKH IRUXP DQG VHH LI VRPHRQH HOVH KDG WKH VDPH
SUREOHP DQG ڟ VRPHWLPHV WKHUH DUH VWXGHQWV ZKR KDYH WKH VDPH SUREOHP DQG WKHUH DUH D
ORW RI VWXGHQWV DQG WKH\ UHSO\ DQG WKH\ JHW LW ULJKW 2U PD\EH WKH PRGHUDWRU FRPHV LQ WKH
HQG DQG VD\V WKLV LV KRZ LW ZRUNV DQG PD\EH \RX ZDQW WR ORRN DW WKDW
0 ,W GHSHQGV RQ ZKDW \RXڥUH XVLQJ WKH IRUXP IRU ڟ , XVH ERWK VWUDWHJLHV GHSHQGLQJ
RQ WKH SUREOHP 6RPHWLPHV \RX MXVW JHW D JHQHULF HUURU PHVVDJH DQG LWڥV QRW UHDOO\ FOHDU
DQG \RX MXVW KDYH WKH PHVVDJH RQ WKDW 6R \RX JR WR *RRJOH DQG \RX डQG GR]HQV RI SRVWV
RQ IRUXPV WKDW ZLOO JLYH \RX WKH VROXWLRQ DOPRVW LQVWDQWO\ %XW VRPHWLPHV LI \RXڥUH WU\LQJ
WR GHYHORS VRPHWKLQJ WKDWڥV D ELW FRPSOH[ WKDWڥV QRW WKH SUREOHP \RXڥUH MXVW GHYHORSLQJ LW
DQG LW WDNHV WLPH $QG \RX QHHG WR MXVW ZRUN DW LW
/ 7R PH LW GHSHQGV D OLࡉOH ELW RQ ZKHUH , DP RQ LQ P\ RZQ OLIHF\FOH RI UHVHDUFK
/LNH ZKHQ ,ڥP VWDUWLQJ RXW DQG ,ڥP GRLQJ PRUH JHQHUDO WKLQNLQJ OLNH ڟ DJDLQ WKLV LV QRW D
PDWK H[DPSOH EXW VD\ OLNH ZKLFK WKHRULVWV , QHHG DQG DUH NLQG RI HVVHQWLDO IRU IRXQGDWLRQDO
NQRZOHGJH ڟ , WKLQN ZKDW , ZRXOG GR WR VROYH WKDW SUREOHP LV GLठHUHQW IURP ZKDW ZRXOG GR
ZKHQ ,ڥP GHHS LQWR P\ WRSLF DQG , WKHQ , GR PRUH NLQG RI LQWURVSHFWLYH SUREOHP VROYLQJ RU
,ڥOO HPDLO D IRUPHU WUXVWHG DGYLVHU ZKR , NQRZ NLQG RI VKDUHV P\ RULHQWDWLRQ ڟ , WKLQN , UHIHU
PRUH WR SHUVRQDO VRXUFHV ZKHQ ,ڥP PRUH GHHS LQ LW YHUVXV ZKHQ ,ڥP GRLQJ PRUH JHQHUDO
WKHQ ,ڥOO WXUQ WR IRUXPV RU GR *RRJOH VHDUFK , WKLQN LW GHSHQGV D OLࡉOH RQ VWDJH RI SUREOHP
VROYLQJ 2U PD\EH DOVR WKH NLQG RI VRSKLVWLFDWLRQ RI SUREOHP VROYLQJ
/ <HDK , DOVR WKLQN WKDW LW GHSHQGV RQ WKH WRSLF >    @0RWLYDWLRQ LV LPSRUWDQW /RRNLQJ

$SSHQGL[ & 6HOHFWHG TXRWHV IURP LQLWLDO क़HOGZRUN ZLWK VWDNHKROGHUV
DW H[DPSOHV ڟ WKHQ DJDLQ LW GHSHQGV RQ WKH SHUVRQ LWڥV TXLWH JHQHUDO
/ ,W DOZD\V GHSHQGV RQ WKH W\SH RI SUREOHP WKDW \RX UXQ LQWR ڟ LV LW D ERULQJ SUREOHP
WKDW , MXVW ZDQW WR JHW RXW RI WKH ZD\ LV LW D SHUVRQDOO\ LQWHUHVWLQJ RQH DQG \RX ZDQW WR
SOD\ ZLWK LW >    @'R , H[SHFW WR JHW VRPHWKLQJ RXW RI LW RU GR , MXVW ZDQW WR JHW LW RXW RI WKH
ZD\" >    @ࡍHUH DUH DOVR IRUPXODWHG SUREOHPV WKDW FRPH WR \RX LQ D IRUPXODWHG ZD\ OLNH
DQ HUURU PHVVDJH IRU H[DPSOH RU SUREOHPV WKDW \RX KDYH WR डUVW IRUPXODWH $QG DOVR ROG
SUREOHPV WKDW SHRSOH KDYH KDG EHIRUH RU QHZ SUREOHPV WKDW QRERG\ KDV KDG EHIRUH
& 'LDORJ 'HVFULEH \RXU OHDUQLQJ VW\OH FRQWLQXHG
/ 7R PH ZLWK WKH OHDUQLQJ VW\OH , OLNH WKH OHDUQLQJ E\ GRLQJ DQG , KDYH WR VD\ ZLWK
PDWKV XVXDOO\ WKHUH LV WKLV SUREOHP WKDW XVXDOO\ WKH\ WHDFK ZLWKRXW JHࡉLQJ KDQGV RQ DQG
IRU SHRSOH ZKR OHDUQ E\ GRLQJ VRPHWLPHV WKDWڥV NLQG RI DQ LVVXH
/ +RZ LPSRUWDQW ZRXOG \RX VD\ LPPHGLDWH IHHGEDFN LV"
/ <HDK YLVXDOL]DWLRQV RU. . .
0 &DQ , MXVW VD\ RQH WKLQJ DERXW OHDUQLQJ VW\OHV" , WKLQN LWڥV QRW MXVW LPSRUWDQW IRU
\RX WR NQRZ HYHU\WKLQJ EXW LWڥV YHU\ LPSRUWDQW WR NQRZ KRZ WR डQG WKLQJV ZKHQ \RX QHHG
ڟ , WKLQN WKDWڥV PRUH LPSRUWDQW UDWKHU WKDQ WU\LQJ WR XQGHUVWDQG HYHU\WKLQJ , PHDQ LQ
JHQHUDO , WKLQN WKH VNLOO ZRXOG EH QLFH ڟ \RX FDQQRW NLQG RI FDSWXUH XQGHUVWDQG HYHU\WKLQJ
LQ DOO GRPDLQV LWڥV WRR DPELWLRXV
/ ࡍH SODWIRUP DOVR LQ WKLV FDVH FDQ SOD\ D UROH ULJKW RI PDNLQJ LW HDV\ IRU \RX WR
डQG SUREOHPV >    @
/ >:KHQ FRPSDUHG ZLWK ZRUNERRN VW\OH SUREOHPV@ WKDWڥV D ZD\ PRUH LQWHUHVWLQJ
SUREOHP RI KRZ GR \RX VFDठROG FRPSOH[ SUREOHP VROYLQJ , PHDQ RQH HDV\ DSSURDFK ZRXOG
EH ڨPDNLQJ DZDUH RI SRVVLEOH DSSURDFKHVک ڟ FDQ \RX EUHDN WKH SUREOHP GRZQ LQWR VXESURE
OHPV FDQ \RX GR D VRUW RI URRWFDXVH DQDO\VLV , GRQڥW NQRZ LI WKDWڥV XVHG LQ PDWKV EXW
RWKHU DUHDV FHUWDLQO\ -XVW SURELQJ WKH. . . SURPSWLQJ WKH XVHU ZLWK GLठHUHQW ZD\V WR WKLQN
DERXW WKH SUREOHP LI LWڥV QRW WULYLDO >    @&DQ \RX XVH VXEVWLWXWLRQ" 0DGH PH WKLQN DERXW
FDQ \RX EXLOG DQ RQWRORJ\ RI SUREOHPV PDNH DQ HVWLPDWH RI WKH VL]H RI SUREOHPV LQ WHUPV
RI WKH QXPEHU RI VWHSV XVXDOO\ UHTXLUHG
& 'LDORJ +RZ GR \RX GHDO ZLWK SHRSOH ZKRVH
YLHZSRLQWV DUH YHU\ GLॗHUHQW IURP \RXUV"
0 , ZDV WKLQNLQJ DERXW WKH OHDUQLQJ VW\OHV ڟ \HDK ڟ ZKDW NLQG RI OHDUQLQJ" <RX KDYH
RSSRUWXQLWLHV WR OHDUQ GLठHUHQW WKLQJV LQ GLठHUHQW VLWXDWLRQV ULJKW $QG QRUPDOO\ \RX OHDUQ
VRPHWKLQJ DࡆHU \RX KDYH GHडQHG FHUWDLQ DLPV 6R LQ P\ FDVH , ZDQW WR XQGHUVWDQG WKH
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PDWKHPDWLFDO WKHRU\ EHKLQG WKH FRPSXWDWLRQDO PRGHO ,ڥP XVLQJ DQG WKHUHIRU , GHFLGHG ,
KDYH WR EXLOG WKH PDWKHPDWLFDO EDFNJURXQG $QG KRZ DP , JRLQJ WR GR WKDW" ,ڥP JRLQJ
WR EXLOG LW IURP IURP VFUDWFK 6R \RX NQRZ , GHडQHG P\ DLP KRZ DP , JRLQJ WR OHDUQ
VRPHWKLQJ $QG WKDWڥV RQH ZD\ WR GR LW ,ڥP JRLQJ WR IROORZ LW ,ڥP MXVW GRLQJ LW WKHUH <RX
KDYH RWKHU DLPV OLNH VRPHWLPHV \RX UHDOL]H RK P\ JRG \RXڥUH KDYLQJ D FRQYHUVDWLRQ
DQG \RX UHDOL]Hڲ OLNH WKLV JX\ OHDUQV WKLV ZD\ DQG ,ڥP QRW UHDOO\ GRLQJ WKLV /LNH IRU
H[DPSOH ZLWK / \HVWHUGD\ KH ZDV ڟ ZH ZHUH KDYLQJ D GLVFXVVLRQ DQG KH ZDV WHOOLQJ PH
\RX LQWHUDFW ZLWK RWKHU SHRSOH DQG WKLV LV KRZ \RX OHDUQ $QG LI , WKLQN RI P\VHOI DQG PH
GRLQJ WKH 3K' RYHU WKH SDVW KRZ PDQ\  \HDUV , KDYHQڥW UHDOO\ GRQH WKLV WR XP D VLPLODU
H[WHQW WKDW / GRHV LW , PHDQ / GRHV WKLV DV D SUDFWLFH ڟ , PHDQ ,ڥP LQWHUDFWLQJ ZLWK P\
VXSHUYLVRUV DQG , KDYH WKLV NLQG RI WKLQJ EXW \RX KDYH PXFK PRUH RSSRUWXQLWLHV WR JHW RXW
WKHUH WR VHH KRZ SHRSOH OHDUQ DQG EOD EOD EOD 6R WKDW DOVR JHWV DW WKH RWKHU WKLQJ ZKLFK
LV KRZ GR \RX GHDO ZLWK SHRSOH ZKRVH YLHZSRLQWV DUH YHU\ GLठHUHQW IURP \RXUV" 6R , WKLQN
WKH GLठHUHQW YLHZSRLQWV KDV WR GR ZLWK WKH DLPV WKDW SHRSOH KDYH LQ PLQG ࡍH\ EDVLFDOO\
WKH\ XVH D FHUWDLQ NLQG RI OHDUQLQJ WKDW WKH\ KDYH LGHQWLडHG DV D SURSHU RQH LQ WHUPV RI
JHࡉLQJ VRPHZKHUH WKDW WKHUH LV DQ DLP EHKLQG LW $QG WKHUHIRU \RX VHH 2. WKHVH SHRSOH
KDYH GLठHUHQW DLPV DQG GLठHUHQW OHDUQLQJ VW\OHV IRU DFKLHYLQJ WKHVH DLPV. . .
0 <HDK VRUU\ LW PLJKW DOVR EH D PLVFRQFHSWLRQ VR KHQFH VRPHWLPHV LWڥV D GLठHUHQW
YLHZSRLQW EHFDXVH LWڥV MXVW D GLठHUHQW SRLQW. . .
0 2. \HDK \HDK KRZ ZLWK UHJDUG WR D SDUWLFXODU. . .
0 3UREOHP OHWڥV VD\ DQG WKH\ ZRXOG OLNH WR VROYH WKH SUREOHP WKLV ZD\ EXW WKH\ڥYH JRW
WR FRQIRUP WR WKH VWDQGDUGV
& &RPPHQWV RQ RQOLQH PDWKHPDWLFV
ۢ,W ZRXOG EH XVHIXO WR KDYH EHࡉHU V\VWHPV IRU JLYLQJ DQG UHFHLYLQJ IHHGEDFNۣ
0-* FRPPHQWV D॑HU P\ WDON SUHVHQWHG WR WKH 0DWKHPDWLFDO 5HDVRQLQJ *URXS DW WKH
8QLYHUVLW\ RI (GLQEXUJK DQG UHHPSKDVL]HG LQ RXU LQWHUYLHZ DW +HULRW:D॔ 0-* WROG
D VWRU\ DERXW KRZ KH KDG WULHG WR OHDUQ DERXW XOWUDਖ਼OWHUV IURP YDULRXV VRXUFHV DURXQG
WKH ZHE VRPH WKDW ZHUH YHU\ LQFRPSOHWH DQG VRPH WKDW LQFOXGHG RXWULJKW PLVWDNHV
*HQHUDOO\ WKHVH VRXUFHV GR QRW FRPH ZLWK HDV\ ZD\V WR FRPPHQW
& &RPPHQWV RQ HQF\FORSHGLD DUWLFOHV
ۢ+LJKO\DEVWUDFWHG DQG QRQH[SRVLWRU\ DUWLFOHV DUH KDUG WR XQGHUVWDQG WKH\ VXठHU RI
LPSHQHWUDEOH TXDVLIRUPDOLW\ۣ
0-* GLVFXVVLQJ XOWUDਖ਼OWHUV )LJXUH  >i S @ HWF LQ RXU LQWHUYLHZ
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& &RPPHQWV RQ VWXGHQW DWWLWXGHV WRZDUG SHHU
OHDUQLQJ
ۢ6WXGHQWV DUH QRW FRPIRUWDEOH VKDULQJ WKHLU ZRUNZLWK RWKHU VWXGHQWV ࡍH\ DUH RQO\ VRPH
ZKDW FRPIRUWDEOH VKRZLQJ LW WR WKHLU SURIHVVRU ZKRP WKH\ UHJDUG DV RQH PLJKW D PHGLFDO
GRFWRUۣ
0-* FRPPHQWLQJ RQ KLV H[SHULHQFHV ZLWK ۢSHHU SHGDJRJLHVۣ LQ RXU LQWHUYLHZ
& &RPPHQWV RQ FRPSXWDWLRQDO WRROV IRU
PDWKHPDWLFLDQV
ۢ)RUPDOLVPV DUH RQO\ XVHIXO ZKHQ WKH PRGHO FDQڥW EH KHOG LQ \RXU KHDGۣ
0-* LQ WKH GLVFXVVLRQ IROORZLQJ P\ WDON DW 8QLYHUVLW\ RI (GLQEXUJK
& &RPSDULVRQ RI 3ODQHW0DWK DQG :LNLSHGLD DV
UHIHUHQFH UHVRXUFHV
ۢ:LNLSHGLD VHHPV WR KDYH EHࡉHU FRYHUDJH EHࡉHU H[SRVLWLRQ DQG D QLFHUORRNLQJ LQWHU
IDFHۣ
0-* GLVFXVVLRQ LQ RXU LQWHUYLHZ EDVHG RQ D VLGHE\VLGH FRPSDULVRQ RI WKH WZR
ZHEVLWHV
& $OLVRQژV GHVFULSWLRQ RI KHU DSSURDFK WR UHVHDUFK
ۢ(PSLULFDO VWXGLHV RI PDWKHPDWLFDO GLVFRXUVH DUH D NH\ UHVHDUFK IRFXVۣ
$3 ਖ਼UVW LQWHUYLHZ GHVFULELQJ KHU DSSURDFK WR UHVHDUFK )XUWKHU GHWDLOV DSSHDU LQ
7DEOH  >i S @
& $OLVRQژV GHVFULSWLRQ RI KHU DSSURDFK WR UHVHDUFK
FRQWLQXHG
ۢ+RZ GRHV H[SHULHQFH EXLOG WRZDUGV XQGHUVWDQGLQJ"ۣ
$3 ਖ਼UVW LQWHUYLHZ GLVFXVVLQJ WKHPHV LQ KHU UHVHDUFK
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& 7RROV WKDW FRXOG EH XVHIXO IRU VWXG\LQJ
PDWKHPDWLFDO GLVFRXUVH
ۢ,W ZRXOG EH XVHIXO WR EH DEOH WR GHWHFW WKH डUVW XVH RI D ZRUG ZLWKLQ D JLYHQ HSLVRGH RI
GLVFRXUVH DQG WR PHDVXUH LWڥV LPSDFWۣ
$3 VHFRQG LQWHUYLHZ ORRNLQJ DW KRZ 3ODQHW0DWK FRXOG EH GLUHFWO\ KHOSIXO LQ KHU
UHVHDUFK
& &RPPHQWV RQ FRPSXWDWLRQDO WRROV IRU
PDWKHPDWLFLDQV
ۢ&DQ ZH EXLOG PRUH GHWDLOHG PRGHOV RI PDWKHPDWLFDO GLVFRXUVH"ۣ
,QIRUPDO GLVFXVVLRQ ZLWK 0RKDQ *DQHVDOLQJDP DQG 6LU 7LPRWK\ *RZHUV RI &DP
EULGJH 8QLYHUVLW\ YLVLWRUV WR WKH 0DWKHPDWLFDO 5HDVRQLQJ *URXS DW 8QLYHUVLW\ RI (GLQ
EXUJK ZKR VSRNH ZLWK PH DERXW OLQJXLVWLF PRGHOLQJ RI WKH PDWKHPDWLFV GRPDLQ DQG
LQWHUDFWLYH VR॑ZDUH
& &RPPHQWV RQ DUWLक़FLDO LQWHOOLJHQFH IRU
PDWKHPDWLFV
ۢ(YHQ LI FRPSXWHU PDWKHPDWLFV GLG D JRRG MRE RI VLPXODWLQJ KXPDQ PDWKHPDWLFV LW
ZRQڥW GR WKLQJV WKH VDPH ZD\ KXPDQV GRۣ
$3 ਖ਼UVW LQWHUYLHZ UHਗ਼HFWLQJ RQ WKH MRLQW ZRUN RI *RZHUV DQG*DQHVDOLQJDP *RZHUV
	 *DQHVDOLQJDP 

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LQWHUYLHZV ZLWK SDUWLFLSDQWV
LQ WKH XVHU HYDOXDWLRQ
ॡLV DSSHQGL[ SUHVHQWV D VHOHFWLRQ RI LOOXVWUDWLYH TXRWHV IURP LQWHUYLHZV ZLWK SDUWLFL
SDQWV LQ WKH ਖ਼HOG WULDO GHVFULEHG LQ &KDSWHU  ॡHVH TXRWHV DUH UHIHUUHG LQ EUDFNHWV LQ WKH
PDLQ WH[W IRU LQVWDQFH >$&@ UHIHUHQFHV WKH WKLUG TXRWH IURP VXEMHFW$& 7DEOH  >i
S @ SUHVHQWHG D EULHI GHVFULSWLRQ RI WKH LQWHUYLHZ VXEMHFWV WKH NH\ GDWD LV UHSHDWHG
EHORZ 5HFRUGLQJV IURP $$ DQG $% DUH PLVVLQJ GXH WR D SUREOHP ZLWK WKH UHFRUGLQJ
VR॑ZDUH DFFRUGLQJO\ GDWD IURP WKHVH LQWHUYLHZV LV HPEHGGHG LQ GLDJUDPPDWLF IRUP
LQ P\ KDQGZUL॔HQ QRWHV DQG QRW LQFOXGHG EHORZ %& GURSSHG RXW RI WKH VWXG\ EHIRUH
FRPSOHWLQJ DQ LQWHUYLHZ
$& 6HOHFWHG TXRWHV
*HUPDQ UHVLGHQW PDOH PDWKHPDWLFV 3K' VWD੘ VFLHQWLVW DQG SURJUDPPHU ORQJWLPH
3ODQHW0DWK XVHU FRQWDFWHG WKURXJK 3ODQHW0DWK
 %XW WKHVH DUH HVFDSH WKLQJV LV WKHUH DQ\ GRFXPHQWDWLRQ. . . EHFDXVH WKH\ڥUH QRW QHFHV
VDULO\ /$7(; VWXठV
 <HDK WKDWڥV JUHDW ZKHQ \RX FDQ XVH HYHU\WKLQJ WKDWڥV DYDLODEOH LQ /$7(; ZLWK 3ODQHW
0DWK , WKLQN WKDWڥV UHDOO\ SRVLWLYH EHFDXVH \RX FDQڥW GR WKDW ZLWK RWKHU SODFHV ZLWK
:LNLSHGLD \RX FDQڥW EXLOG VXFK WKLQJV >    @ %HFDXVH ,ڥP WKLQNLQJ LI ,ڥP EORJJLQJ
:RUGSUHVV DQG LI ,ڥP GRLQJ LW , KDYH WR FRQYHUW HYHU\WKLQJ ,ڥYH ZULࡉHQ LQ /$7(; LQ
:RUGSUHVV DQG WKDWڥV D ORW RI ZRUN
 $QG UHFHQWO\ \RX NQRZ , ZDV ORRNLQJ DW WKH DFWLYLW\ LQ 3ODQHW0DWK LQ WKH SDVW 
GD\V VLQFH , SRVWHG VRPHWKLQJ QHZ WKHUH ZDVQڥW PXFK DFWLYLW\ LQ 3ODQHW0DWK LWVHOI
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 %XW WKH IXQQ\ WKLQJ LV , PHDQ DVVXPLQJ WKDW VRPHERG\ ZURWH DQ DUWLFOH OLNH  \HDUV
DJR ZKDW ZRXOG KDSSHQ WKHQ" +HڥV OLNH QRW DQ\PRUH DFWLYH LQ 3ODQHW0DWK
 $QRWKHU TXHVWLRQ LV ڟ UHJDUGLQJ WKH SUREOHPV ڟ LI , SRVW D SUREOHP FDQ , ZDWFK RQ
LW" %HFDXVH , KDYHQڥW VHHQ WKLV SRVVLELOLW\ /HW PH WU\ DJDLQ , FDQQRW UHPHPEHU EXW
WKDW ZDV RQH RI WKH LVVXHV WKDW ZDV OLQJHULQJ LQ P\ PLQG $OULJKW \HDK ,ڥP QRW DEOH
WR ZDWFK >    @2K QR QR , DP  ڨ\RXڥUH QRW ZDWFKLQJ WKLVک  VR ,ڥP DEOH WR ZDWFK VR
PD\EH WKDWڥV P\ PLVWDNH
 :HOO , ZDV UHDOO\ VHULRXVO\ WKLQNLQJ RI SXࡉLQJ VRPH UHDOO\ \RX NQRZ. . . EXW WKHVH
DUH DUWLFOHV , GR QRW NQRZ WKH YDOLGLW\ RI WKHP RU VRPHWKLQJ. . . VR , FDQ SXW WKHP LQ
DUWLFOHV. . . , FDQ SXW WKHP. . . ,ڥP QRW VXUH LI , VKRXOG SXW WKHP LQ SUREOHPV RU VR VR ,
ZDV MXVW D ELW FRQIXVHG ڟ ,ڥP QRW VXUH ZKHUH WKH\ VKRXOG ODQG >    @:HOO , PHDQ WKH\
DUH OLNH \RX VD\ RSHQ SUREOHPV. . . \RX FDQ SXW LW LQ SUREOHPV ULJKW ڟ EXW VXSSRVH
\RX DUH ZRUNLQJ RQ DQ RSHQ SUREOHP DQG \RX KDYH FHUWDLQ WKHRULHV DQG \RXڥUH QRW
UHDOO\ VXUH LI WKHVH WKHRULHV DUH DW DOO FRUUHFW $QG \RX MXVW ZDQW WR SXW VWXठV
 (YHU\ WLPH , KDYH VRPH VXFK LVVXHV , ZRQڥW KHVLWDWH ,ڥOO MXVW ERPEDUG \RX ZLWK VFUHHQ
VKRWV RU TXHVWLRQV , NQRZ \RXڥUH TXLWH EXV\ ZLWK WKHVH WKLQJV EXW LW PLJKW KHOS 'R
\RX KDYH D EXJ WUDFNHU" , WHOO KLP WKDW WKH SURMHFW LV GHYHORSHG RQ *LWKXE DQG ZH
XVH WKH LQWHJUDWHG EXJ WUDFNHU WKHUH 2K UHDOO\ ,V LW , PHDQ GR SHRSOH ORRN DW LW ,
PHDQ VRPH EXJ WUDFNHUV WKH\ڥUH MXVW. . .
 , WKLQN ZKDW 6WDFN2YHUढRZ RU , PHDQ , WKLQN LWڥV FDOOHG 0DWK2YHUढRZ WKHUHڥV DOVR
WKLV 0DWK6WDFN2YHUढRZ VRPHWKLQJ LWڥV डQH EXW LWڥV QRW WRR SHUVRQDOL]HG :LWK
3ODQHW0DWK \RX FDQ ORJ LQ DQG WKHQ \RX FDQ PD\EH \RX FDQ LWڥV HDVLHU WR डQG RU
WR FDWHJRUL]H RU WR RUJDQL]H \RXU SUREOHPV WKHUH WKDQ LQ 6WDFN2YHUढRZ
 <HDK , WKLQN LWڥV PRUH XVHU IULHQGO\ ZKHQ LW FRPHV WR XVHUV KDYLQJ SUREOHPV ZLWK WKHLU
KRPHZRUN RU DVNLQJ TXHVWLRQ )RU LQVWDQFH WKHUHڥV WKLV 0DWK2YHUढRZ WKH\ डOWHU RXW
WKH\ RQO\ HQWHUWDLQ SHRSOH ZKR DUH D ELW RI DERYH JUDGXDWH OHYHO EXW LQ 3ODQHW0DWK
\RX GRQڥW KDYH WKLV SUREOHP , PHDQ WKLV \RX GRQڥW KDYH WKLV NLQG RI. . .
 :HOO \RX NQRZ IRU LQVWDQFH ,ڥP GRLQJ VRPH SULYDWH UHVHDUFK PDWKHPDWLFDO UHVHDUFK
SXUHO\ PDWKHPDWLFDO WKDW KDV QR DSSOLFDWLRQ DW DOO \RX NQRZ LW MXVW LQWHUHVWV PH ,
ZDV WKLQNLQJ \RX NQRZ , FRXOG ZULWH D EORJ RQ LW EHFDXVH ,ڥP QRW UHDOO\ LQWHUHVWHG
LQ KDYLQJ SXEOLFDWLRQV EHFDXVH WKH SUREOHP , VHH ZLWK SXEOLFDWLRQV LV WKDW \RX KDYH
WR ZDLW IRUڲ DOPRVW D GHFDGH XQWLO DOO WKH UHYLHZHUV VXGGHQO\ VD\ 2. WKLV LV डQH
DQG WKHQ \RX FDQ SXEOLVK LW , PHDQ ,ڥYH KDG H[SHULHQFH ZLWK LW LQ P\ 3K ' \HDUV
WKDW \RX NQRZ \RXڥOO KDYH WR ZDLW D ORQJ WLPH EHFDXVH WKH UHYLHZHUV GRQڥW UHDOO\ KDYH
WLPH IRU LW DQG WKHQ DࡆHU WKDW \RX ZLOO KDYH WR GR WKH FKDQJHV WKDW WKH UHYLHZHU DVNV
\RX DQG WKHQ DࡆHU WKDW LWڥV SXEOLVKHG %XW , ZRXOG SUHIHU WR KDYH LW DOUHDG\ RQOLQH
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,ڥP UHDOO\ QRW LQWHUHVWHG LQ KDYLQJ P\ ZRUN RणFLDOO\ SXEOLVKHG EHFDXVH LQ WKH HQG
WKH SHRSOH ZKR DUH JHࡉLQJ EHQHडW IURP DUH DFWXDOO\ WKH SUHVV DQG LWڥV QRW UHDOO\ WKH
VFLHQWLVWV ZKR DUH LQYROYHG EHFDXVH LQ WKH HQG SHRSOH KDYH WR EX\ P\ DUWLFOHV ZKLFK
LV QRW LQWHUHVWLQJ IRU PH 6R , ZDV LQWHUHVWHG LQ ZULWLQJ EORJV DERXW WKLV WKLQJ %XW
QRZ WKDW 3ODQHW0DWK FRPHV WRڲ \RX NQRZ , ZDV WKLQNLQJ RI PD\EH LW ZRXOG EH
SRVVLEOH WR GR VXFK ZULWH P\ UHVHDUFKHV LQ 3ODQHW0DWK
 , WKLQN WKH SUREOHP LV 3ODQHW0DWK ODFNV VRPH RI WKH PRVW WULYLDO WKLQJV OLNH IRU
LQVWDQFH LI , SRVWHG VRPHWKLQJ OLNH DERXW /LH DOJHEUD RU VRPHWKLQJ WKHQ DࡆHU RQH
PRQWK , GR QRW VHH LW LQ P\ KLVWRU\ 8QOHVV LWڥV DQ DUWLFOH ,I , SRVW LW LQ OLNH DV D
TXHVWLRQ RU LQ D SUREOHP VHW RU VRPHWKLQJ. . . , QHYHU VHH LW LQ P\ KLVWRU\ DQG LI ,
VHDUFK IRU LW LWڥV D FDWDVWURSKH <RX FDQQRW ڟ \RXڥUH QRW DEOH WR VHDUFK LW , VKRZ
KLP WKH ۢ6FRUHۣ WDE . . . EXW WKLV LQFOXGHV DOVR WKH WKLQJV WKDW ,ڥYH YLHZHG∗
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8. UHVLGHQW PDOH HQJLQHHULQJ EDFNJURXQG HQUROOHG LQ WKH 2SHQ 8QLYHUVLW\۟V PDWK
HPDWLFV PDVWHUV SURJUDP FRQWDFWHG WKURXJK 28 PDWKHPDWLFV GHSDUWPHQW
 8P ULJKW , VWDUWHG RXW ZLWK DQ DUWLFOH >    @ , GLG डQG KRZHYHU WKDW ZKHQ , ZDV
W\SLQJ LQWR LW , ZDV SUHVVLQJ ڨSUHYLHZک WR VHH ZKDW LW ORRNHG OLNH EXW LW ZRXOG KDYH
EHHQ UHDOO\ FRQYHQLHQW WR VHH ZKDW LW ORRNHG OLNH LQ VRPH ZD\V DV , ZHQW DORQJ %XW
LW ZDVQڥW FOHDU ڟ , HQGHG XS GRLQJ D ORW RI ڨVDYHک RSHUDWLRQV DQG WKHQ FDUU\LQJ RQ
EHFDXVH , ZDVQڥW FOHDU DV WR ZKHWKHU WKH WKLQJ ZDV JRLQJ WR WLPH RXW RQ PH DQG WKHQ
DOO WKH GDWD ZRXOG EH ZLSHG ڟ EHFDXVH LWڥV TXLWH D VORZ SURFHVV REYLRXVO\ ڟ LI , KDG
OHࡆ LW D IHZ KRXUV DQG WKHQ ZHQW EDFN DQG ZDQWHG WR PDNH VRPH DPHQGPHQWV WR LW
EHFDXVH , FRXOGQڥW DFWXDOO\ VHH WKH DUWLFOH \RX NQRZ \RX KDG WR VRUW RI JR LQ PDNH
\RXU DPHQGPHQW GR D SUHYLHZڲ
 8P \HDK EHFDXVH WKHUH DUH VR PDQ\ FDWHJRULHV , IRXQG LW D ELW FRQIXVLQJ <HDK
VR VRPHWKLQJ OLNH ڨFROOHFWLRQک , ZRXOG WKLQN WKDW RXJKW WR EH VRPHWKLQJ ZKHUH \RX
ZRXOG KDYH DQ HGLWRU ZKR ZRXOG PRYH DUWLFOHV DURXQG LQWR FROOHFWLRQV VD\ UDWKHU
WKDQ D ZULWHU FKRRVLQJ ZKLFK FROOHFWLRQ WR EH LQ
 <HV LWڥV D ڟ LWڥV D GLठHUHQW DSSURDFK UHDOO\ 6R , PHDQ VRPHWKLQJ ڟ SUREDEO\ VRPH
WKLQJ OLNH D FROOHFWLRQ ڟ LW ZRXOG SUREDEO\ EH JRRG LI DQ HGLWRU FRXOG DW OHDVW PRYH
VRPHWKLQJ FROOHFW DUWLFOHV WRJHWKHU SHUKDSV SODFH VRPH EODQN DUWLFOHV WKHUH ڟ \RX
NQRZ WR WU\ WR JHW VRPHRQH WR DFWXDOO\ ZULWH RQH
∗0RUH GHWDLO ZDV DGGHG WR XVHU SDJHV D॑HU WKLV LQWHUYLHZ
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 <HDK , PHDQ WKDWڥV DQRWKHU WKLQJ ڟ \RX PLJKW KDYH D FROOHFWLRQ ZKHUH \RX KDYH
VRPHWKLQJ DW VD\ DW VFKRRO OHYHO DQG DQRWKHU RQH DW , GRQڥW NQRZ SRVWJUDGXDWH
OHYHO $QG WKHUH UHDOO\ LVQڥW JRLQJ WR EH DQ\ RYHUODS DW DOO
 >(@YHU\RQHڥV DOORFDWHG D FRXUVH WXWRU ZKR PLJKW WDNH RQ MXVW D KDOIGR]HQ VWXGHQWV
ڟ VR WKH\ڥUH QRW WKH RYHUDOO SHUVRQ LQ FKDUJH RI WKH FRXUVH E\ DQ\ PHDQV >    @ ,W
LV FDOOHG (OOXPLQDWH VSHOW ZLWK DQ ( , WKLQN LWڥV VRPH &DQDGLDQ RUJDQL]DWLRQ LWڥV
JRW ORWV RI -DYD LQ LW EXW XP LWڥV HVVHQWLDOO\ D ZKLWHERDUG ZLWK YHU\ OLPLWHG ZD\V LQ
ZKLFK SHRSOH FDQ WDON DSDUW IURP WKH WXWRU >    @ ,Q 28 WHUPV WKH IRUXPV HVVHQWLDOO\
WKHUHڥV D PRGHUDWRU DQG WKH\ WU\ WR GLVSHO DQ\ WDON DERXW WKHVH 7XWRU $VVLJQPHQWV
DW DOO RQ WKHVH IRUXPV >    @:HOO \RX ڟ HLWKHU >VROYH WKH SUREOHPV@ \RXUVHOI ڟ RU LI
\RXڥUH LQ GLणFXOW\ \RX VKRXOG FRQWDFW \RXU WXWRU :HOO WKH\ڥUH TXLWH KHOSIXO LQ WKDW
WKH\ڥOO JLYH \RX D KLQW WR VHW \RX Rठ LQ WKH ULJKW GLUHFWLRQ $QG REYLRXVO\ LI DOO HOVH
IDLOV WKHVH TXHVWLRQV DUH QRUPDOO\ LQ SDUWV VR LI \RX FDQڥW GR RQH SDUW \RX FDQ MXVW
PRYH RQ WR WKH QH[W 6R WKDW LV QRW LI \RX OLNH H[FOXGH \RX EHFDXVH \RXڥYH VRUW RIڲ
IDLOHG WR JHW HQRXJK PDUNV RQ \RXU DVVLJQPHQW
 ࡍLV RQH , GURSSHG EHIRUH WKH HQG DQG WKDW ZDV )XQFWLRQDO $QDO\VLV LW ZDV MXVW WRR
LI \RX OLNH DEVWUDFW IRU PH >    @ , WKLQN WKDW )XQFWLRQDO $QDO\VLV LV MXVW LI \RX OLNH
LWڥV UHDOO\ VRPHWKLQJ WKDW LV VR DEVWUDFW ڟ WKDW LW ZRXOG EH YHU\ G. . . ڟ , WKLQN WKHUH
DUH VRPH SHRSOH ZKR FDQ डQG WKHLU ZD\ DURXQG WKDW EXW IRU VRPH SHRSOH \RX UHDFK
D FHUWDLQ OHYHO RI DEVWUDFWQHVV DQG WKH\ڥUH MXVW ORVW >    @ :HOO DV LW WXUQV RXW P\
FXUUHQW FRXUVH  GRHV XVH D IHZ RI WKH LGHDV RI IXQFWLRQDO DQDO\VLV LQ WKH VHQVH WKDW
\RX JHW डQLWH GLPHQVLRQDO OLQHDU VSDFHV UDWKHU WKDQ LQडQLWH GLPHQVLRQDO VSDFHV. . .
ZKLFK \RX FDQڥW UHDOO\ YLVXDOL]H \RX FDQڥW GUDZ SLFWXUHV UHDOO\. . . VR , PHDQ , डQG
WKDW TXLWH VWUDLJKWIRUZDUG , PHDQ LWڥV UHDOO\ MXVW RUGLQDU\ YHFWRU VSDFHV WKLQJV OLNH
WKDW ZKLFK LV VRUW RI XQGHUJUDGXDWH VWXठ
%% 6HOHFWHG TXRWHV
8. UHVLGHQW IHPDOH HQJLQHHULQJ DQG VR॑ZDUH EDFNJURXQG HQUROOHG LQ WKH 2SHQ
8QLYHUVLW\۟V PDWKHPDWLFV PDVWHUV SURJUDP FRQWDFWHG WKURXJK 28 PDWKHPDWLFV GHSDUW
PHQW
 %HFDXVH , PHDQ ZKDW ZHڥYH JRW RQ 3ODQHW0DWK LV PDVVHV RI YHU\ JRRG PDWK PDVVHV
RI YHU\ JRRG WKHRUHPV DQG UHVXOWV DQG GHडQLWLRQV DQG VR RQ , MXVW IRXQG LW D ELW
GLणFXOW WR डQG WKH RQH , ZDQWHG
 %XW LV D SUREOHP ڟ DUH \RX WKLQNLQJ RI D SUREOHP DV VRPHWKLQJ WKDW D WHDFKHU KDV
SURYLGHG IRU D VWXGHQW WR ORRN DW DQG KH KDV WKH DQVZHU WKDW WKH VWXGHQW FDQ WKHQ JR
DQG ORRN DW ZKHQ KHڥV WDFNOHG WKH SUREOHP" >    @ %HFDXVH LI , ZDV LQ WKHUH WKLQNLQJ

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DERXW DQVZHULQJ VRPHRQH HOVHڥV TXHVWLRQ , ZDQW WR NQRZ ZKHWKHU WKDWڥV MXVW D SHUVRQ
ZKR ZDQWV WR NQRZ KRZ WR GR VRPHWKLQJ WKDW , FDQ HDVLO\ WHOO WKHP RU ZKHWKHU WKH
WXWRU KDV SXW XS VRPHWKLQJ IRU WKHP WR GR DQG ZHڥUH QRW VXSSRVHG WR EH DQVZHULQJ
LW WKH\ڥUH VXSSRVHG WR EH डQGLQJ LW RXW IRU WKHPVHOYHV
 , WKLQN LW ZRXOG DOVR EH QLFH WR KDYH D SODFH WR WDON ZLWK PDWKHPDWLFLDQV ZLWKRXW
WKLQNLQJ WKDW \RX PLJKW EH PDNLQJ D SHUPDQHQW FRS\ RQ WKH ZHEVLWH WKDW RXJKW
WR EH FRUUHFW DQG YDOLGDWHG DQG VR RQ VR WKDW \RX FDQ VD\ KRZ DERXW WKLV IRU DQ
DQVZHU. . . ZKHUH \RX PLJKW EH JXHVVLQJ MXVW DV PXFK DV WKH RWKHU SHUVRQ. . . EXW WKH
IRUXPV GRQڥW VHHP WR EH YHU\ PXFK XVHG >    @ , GRQڥW KDYH DQ\ SUREOHP ZLWK WKHP
EHLQJ SXEOLF LWڥV WKDW , ZDQW LW WR EH TXLWH FOHDU WKDW ,ڥP MXVW VSHFXODWLQJ DQG QRW
JLYLQJ D GHडQLWLYH SURRI RU WKHRUHP RU ZKDWHYHU EHFDXVH PRVW RI WKH VLWH LV GHडQLWLYH
PDWHULDO
 6R \RX ZRXOG H[SHFW LI VRPHERG\ DVNHG D TXHVWLRQ WKDW WKH SHUVRQ DQVZHULQJ LW
ZRXOGQڥW DQVZHU WKH TXHVWLRQ WKH\ ZRXOG MXVW SRLQW WKHP LQ WKH GLUHFWLRQ RI KRZ WR
WKLQN DERXW LW
 :HOO , FHUWDLQO\ JR LQWR DOO WKH 28 IRUXPV , FHUWDLQO\ DVN TXHVWLRQV DQG DQVZHU
TXHVWLRQV $QG DFWXDOO\ DQVZHULQJ TXHVWLRQV LV MXVW DV PXFK OHDUQLQJ DV DVNLQJ WKHP
%HFDXVH \RX KDYH WR VSRW KRZ WKH SHUVRQ ZKRڥV DVNLQJ LW LV ORRNLQJ DW VRPHWKLQJ IURP
D IXQQ\ DQJOH RU XSVLGH GRZQ DQG WKHQ H[SODLQ WKH ZD\ \RX VKRXOG EH ORRNLQJ DW LW
>    @ %XW GRQڥW \RX MXVW डQG LW LQWHUHVWLQJ WKH ZD\ RWKHU SHRSOH DSSURDFK SUREOHPV"
,W JLYHV \RX D ZKROH QHZ YLHZ RQ WKH ZRUOG WR VHH VRPH RWKHU RWKHU XP DࡉLWXGH
WR WKH VDPH TXHVWLRQ WKDW \RXڥYH MXVW WDNHQ IRU JUDQWHG ڟ VXGGHQO\ \RX JHW D QHZ
SHUVSHFWLYH
 , UHDG D VHFWLRQ RI P\ PDWKV WH[W VRPHWLPHV WU\LQJ WR XQGHUVWDQG WKH SURRIV RI WKH
WKHRUHPV EXW PRUH RࡆHQ MXVW UHDGLQJ DQG WUXVWLQJ WKDW WKH\ UHDOO\ ZRUN ࡍHQ , WU\
WR ZRUN WKURXJK VRPH H[DPSOHV RU H[HUFLVHV ࡍLV RࡆHQ EULQJV XS TXHVWLRQV DERXW WKH
RULJLQDO PDWHULDO )RU H[DPSOH , DVN P\VHOI ڨ:K\ GRHV WKH FORVHG FRQWRXU WKHRUHP
WDON DERXW D IXQFWLRQ KDYLQJ D SULPLWLYH ZKLOH &DXFK\ڥV WKHRUHP UHTXLUHV DQ DQDO\WLF
IXQFWLRQ" :KDW LV WKH VLJQLडFDQFH RI WKLV GLठHUHQFH"ک , WKLQN WKDW LW LV RQO\ ZKHQ ,
EHJLQ WR MRLQ XS ELWV RI WKH WKHRU\ LQ WKLV ZD\ WKDW , DP UHDOO\ OHDUQLQJ
 , WKLQN LWڥV PRUH WKH SUREOHP LV WKDW ZKHQ \RX JR RXW WR ORRN DW D SDUWLFXODU WKHRUHP
RU ZKDWHYHU \RX FDQڥW YHU\ HDV\ JHW EDFN \RX PLJKW GR \RXU EDFN EXࡉRQ EXW \RX
PLJKW KDYH WR GR   SUHVVHV WR JHW EDFN WR ZKHUH \RX VWDUWHG IURP ڟ ZKHUHDV LI
\RX FRXOG KDYH D FROOHFWLRQ RU D WRSLF DUWLFOH RU VRPHWKLQJ LQ \RXU EUHDGFUXPEV DW WKH
WRS WKHQ ZKHQ \RXڥG EHHQ ZDQGHULQJ DURXQG IROORZLQJ OHDGV \RX FRXOG WKHQ MXPS
EDFN WR ZKHUH \RX ZHUH >    @ , GRQڥW WKLQN LW ZRXOG QHHG WKH ZKROH KLVWRU\ , WKLQN
LW ZRXOG MXVW QHHG WKH WKLQJ WKDW ZDV WKH WRSLF ZKHWKHU WKDWڥV D FROOHFWLRQ RU D WRSLF

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DUWLFOH D VRUW RI KLJK OHYHO WKLQJ WKDW ZKHQ \RX ZHQW LQWR RQH LW ZRXOG UHPHPEHU
WKDW XQWLO \RX ZHQW LQWR D GLठHUHQW RQH DW WKH KLJK OHYHO ,W ZRXOG EH D ELW GLणFXOW WR
KDYH HYHU\WKLQJ OLVWHG ZKHUH \RXڥG EHHQ DOO WKH ZD\ OLNH D KLVWRU\ LW ZRXOG EH WRR
FRPSOH[
 , WKLQN WKH\ڥUH MXVW D ELW GLणFXOW WR डQG ZKLFK LV ZK\ , ZDV MXVW VXJJHVWLQJ WKDWPD\EH
WRSLFV VKRXOG EH EURXJKW XS WR D KLJKHU OHYHO DQG OLVWHG VHSDUDWHO\ IURP DUWLFOHV 6R
WKDW \RX FDQ HDVLO\ डQG D ZKROH WRSLF DQG WKHQ OLNH \RX VD\ WKDW WRSLF JLYHV \RX WKH
LQWURGXFWLRQ LQWR DOO WKH ELWV WKDW EHORQJ WR LW ڟ SUREDEO\ ZRUN EHࡉHU WKDQ FROOHFWLRQV
EHFDXVH EHLQJ EDVLFDOO\ DQ DUWLFOH \RX FDQ KDYH DOO WKH OLQNV DQG \RX FDQ KDYH WKH
ZRUGV LQEHWZHHQ
 <HDK DOVR PD\EH ZH FRXOG KDYH WKHVH VHFWLRQV LQ VPDOOHU VWHSV <RX PLJKW EH DEOH
VD\ ,ڥP ORRNLQJ IRU D WKHRUHP RU ,ڥP ORRNLQJ IRU D GHडQLWLRQ RU ,ڥP ORRNLQJ IRU D
PHWKRG
563 6HOHFWHG TXRWHV
86 UHVLGHQW PDOH SK\VLFV 3K' ORQJWLPH 3ODQHW0DWK XVHU DQG DFWLYH YROXQWHHU 5D\
PRQG 6 3X]LR UHTXHVWHG QRQDQRQ\PLW\
 , VKRXOG PHQWLRQ ZLWK WKH &ڥV DQG \RXU HODERUDWLRQV ڟ , डJXUHG ODVW QLJKW WKDW ,
VKRXOG H[SODLQ WR \RX ZKDW , PHDQW EHFDXVH WKHUHڥV EHHQ VRPH FRQIXVLRQ 6R \RX DUH
DEVROXWHO\ ULJKW DERXW WKH LPSRUWDQFH RI WKH FRGH DQG WKH RUJDQL]DWLRQ KRZHYHU ,
JXHVV WKH ZD\ ,ڥP WKLQNLQJ RI LW LV WKDW WKRVH WZR DUH PRUH VRUW RI LQ WKH EDFNJURXQG
WKH\ڥUH ZKDWڥV VXSSRUWLQJ LW :KHUHDV ZKDW ,ڥP WKLQNLQJ LV WKDW WKH FRQWHQW WKH
FDWDORJ DQG WKH FRPPXQLW\ LV ZKDW WKH W\SLFDO XVHU ZLOO EH LQWHUDFWLQJ ZLWK >    @
6R WKDWڥV ZKDW , PHDQW VR WKH LGHD LV LI WKH\ڥUH LQWHUDFWLQJ ZLWK WKH  KRSHIXOO\ VRPH
RI WKHP ZLOO JHW LQWHUHVWHG LQ ORRNLQJ LQ WKH EDFNJURXQG
 $OVR DV , IRXQG ZKHQ , ZDV UXPPDJLQJ WKURXJK WKH /LEUDU\ RI &RQJUHVV FDWDORJ ODVW
ZHHN WKHUHڥV RRGOHV DQG RRGOHV RI HOHPHQWDU\ PDWK ERRNV RI SUREOHPV RXW WKHUH LQ
WKH SXEOLF GRPDLQ ڟ ,ڥP VXUH ZH KDYH. . . ZH PLJKW HYHQ KDYH D PLOOLRQ SUREOHPV LI
ZH PDQDJHG WR JHW DOO RI WKRVH LQ
 6RPH SHRSOH PLJKW डQG WKH VKDUHG GRFXPHQW DQG HPDLO HQRXJK RWKHUV PLJKW ZDQW
D YRLFH FKDQQHO RWKHUV PLJKW ZDQW VRPHWKLQJ HOVH PD\EH WKH\ ZDQW OHWڥV VD\ VRPH
DOJHEUD SURJUDP WKDWڥV UXQQLQJ DQG D FRPPRQ SODFH WR VDYH डOHV
 >$@V IRU RWKHU XVHV ,ڥG OLNH LQWHUDFWLQJ ZLWK SHRSOH RQ 3ODQHW0DWK ڟ D ORW RI WKDW LV
JRLQJ WR GHSHQG RQ EXLOGLQJ WKH XVHU FRPPXQLW\ IRU H[DPSOH LI , KDYH DQ LQWHUHVW
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LQ D UHVHDUFKOHYHO WRSLF WKHUHڥV VRPHRQH ZLWK D VLPLODU LQWHUHVW WR WDON DERXW LW ZLWK
WKHUH
 3HUVRQDOO\ RN WKDW LQIRUPDWLRQ ZRXOG EH JRRG WR GLVSOD\ EXW \RX DOVR KDYH WR LQYROYH
SHRSOH EHFDXVH OHWڥV VD\ WKH\ SRVWHG D ORW EXW WKH\ PLJKW EH WRR EXV\ RU PLJKW QRW
EH LQ WKH PRRG WR WDON DERXW LW ڟ VR , ZRXOG VD\ WKDW LPSURYLQJ WKH LQWHUDFWLRQ DORQJ
ZLWK WKDW ZRXOG EH LPSRUWDQW
 6R , JXHVV RQH ZD\ RI WKLQNLQJ RI LW LV DV D UHSODFHPHQW RI RXU ELR ڟ , PHDQ RXU XVHU
KRPH SDJHV 0\ LGHD ZRXOG EH WR UHSODFH WKRVH KRPH SDJHV ZLWK VRPH VXFK PRUH
UREXVW WKLQJ
 1RW MXVW PDNH LW HDVLHU WR UHVSRQG DW \RXU RZQ SDFH EXW DOVR WR SXW WKDW LQIRUPDWLRQ
LQ D XVHIXO IRUP OLNH KHUHڥV SHRSOHڥV LQWHUHVWV KHUHڥV WKH RQHV ZKR DOUHDG\ NQRZ \RX
DQG DUH FRQWDFWLQJ \RX DQG RQHV \RX PLJKW ZDQW WR FRQWDFW HWF
 2QH WKLQJ DERXW FRQWHQW FRXOG PDNLQJ LW VSHFLडF /HWڥV VD\ ZH ORRN DW >HOLGHG@ 2.
WKHQ WKH FRPPXQLW\ PLJKW EH FXUUHQWO\ WKH FRPPXQLW\ PLJKW EH >$%@ DQG P\VHOI
DQG RQH RU WZR RWKHU SHRSOH &RQWHQW 2. ZHڥYH JRW KHU FDWDORJ ڟ KHU FROOHFWLRQ ڟ
RI >HOLGHG@ &DWDORJ HQG , FRXOG MXVW H[WUDFW IURP WKH /LEUDU\ RI &RQJUHVV DOO WKH
ERRNV SHUWLQHQW WR WKDW VXEMHFW (YHQ LI ZH GRQڥW KDYH WLPH WR EXLOG HYHU\WKLQJ XS
6R HYHQ LI ZH GRQڥW KDYH WLPH WR EXLOG HYHU\WKLQJ XS DW OHDVW ZH FRXOG EXLOG XS WKDW
RQH VXESURMHFW UHDOO\ QLFHO\
 :HOO OHW PH WHOO \RX >    @ WZR VSHFLडF LQVWDQFHV 2QH WKLQJ , GLG ZDV ZH KDG WKLV
SURMHFW ZLWK 0DࡉH DQG &DPHURQ ZKHUH ZH KDG WKLV SURMHFW ZKHUH WKH WKHUH RI XV
ZHUH ORRNLQJ DW WKH FRXQWHUH[DPSOHV LQ WRSRORJ\ DQG MXVW PDNLQJ VXUH WKH\ ZHUH DOO
RQ 3ODQHW0DWK $QRWKHU RQH ZDV ZKHQ ڟ WKDW \RX SUREDEO\ NQRZ ڟ ZDV ZKHQ 0DࡉH
WULHG WR GR KLV WKLQJ ZLWK WKH UHDO QXPEHU SURMHFW ZKLFK ZDV EDVLFDOO\ VXFK D UROH
WKH SUREOHP ZDV WKDW DW WKDW WLPH LW VHHPV KH GLGQڥW KDYH UHVRXUFHV RU WKH VXSSRUW KH
QHHGHG DQG KH JRW IUXVWUDWHG
 6R ZKDW ,ڥP WKLQNLQJ LV >    @ ,ڥP QRW VR ZRUULHG DERXW DXWRPDWLQJ ,Q WKH SDVW
,ڥYH VHUYHG WKDW SXUSRVH RI EULGJLQJ XVHUV WRJHWKHU $QG , FRXOG VHH P\VHOI GRLQJ LW
DJDLQ LWڥV MXVW WKDW IRU GRLQJ WKDW , VKRXOG IUHH HQRXJK WLPH WR PDNH VXUH , DFWXDOO\
KDYH WLPH WR LQWHUDFW ZLWK SHRSOH 3DXVH 6R \RX NQRZ IRU H[DPSOH LQ WKH SDVW ,ڥYH
VWDUWHG WKLQJV OLNH WKLV SURMHFW ZH KDG ZLWK WRSRORJ\ DQG RWKHU WKLQJV DQG \RX NQRZ
EURXJKW SHRSOH LQ 6R RQH KRSH ,ڥYH KDG LV WKDW ,ڥG KDYH DQ KRXU RU WZR D GD\ WR
ZRUNLQJ RQ WKH FRPPXQLW\ VLGH DQG H[DFWO\ KHOSLQJ SHRSOH ZLWK VXFK WKLQJV
 2. OHWڥV VD\ ,QWHUQHW $UFKLYH VRRQHU RU ODWHU WKH\ڥUH JRLQJ WR KDYH WKHP DOO XSORDGHG
DV JUDSKLFV LPDJHV LI ZH KDYH WKH 2&5 UXQQLQJ WKHQ \HDK WKH\ FRXOG DOO EHFRPH

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7(; डOHV EXW LW PLJKW EH WKDW RQO\ D KDQGIXO RI WKRVH HYHU JHWV KXPDQ HGLWHG LQWR
SURSHU HGLWLRQV EHFDXVH RQO\ WKH\ JHW HQRXJK DࡉHQWLRQ
 >7@KLQJV OLNH UHVWDUWLQJ WKH FRPPXQLW\ GLVFXVVLRQV IRU H[DPSOH RXU KDYLQJ RXUࡍXUV
GD\ WKLQJV RQFH D PRQWK ZLWK PRUH SHRSOH VKRZLQJ XS 1RQH RI WKHVH UHDOO\ UHTXLUH
XV WR EXLOG DQ\ QHZ VRࡆZDUH RU GR DQ\WKLQJ WRR WLPH FRQVXPLQJ

( ,OOXVWUDWLYH H[FHUSWV IURP
क़HOG QRWHV
'D\  RI क़HOG ZRUN 'LG DQ\ RI \RXU K\SRWKHVHV JHW FRUURERUDWHG DV D UHVXOW
RI \RXU GDWD DQDO\VLV" ,I VR ZKLFK ZK\ DQG KRZ VWURQJO\" , JRW VRPH JRRG
LQVLJKW LQWR ۢSHHU VXSSRUWHG SUREOHP VROYLQJۣ IURP WKH SRLQW RI YLHZ RI D PDWKHPDWLFV
UHVHDUFKHU DQG LQVWUXFWRU :LWK KLV ۢLQVWUXFWRU KDWۣ RQ ۙ ZKDW KH ZDQWV LV IRU KLV 
VWXGHQWV WR WDON ZLWK HDFK RWKHU %XW KH ZDQWV WKLV EHFDXVH KH ZDQWV WKHP WR WXUQ LQ
EH॔HU SDSHUV +H GRHVQ۟W FDUH LI WKH\ ZRUN WRJHWKHU RU ZKDWHYHU +H MXVW ZDQWV WKHP WR
OHDUQ WKH VWX੘ EH॔HU +H VHHPV LQ WKLV UHJDUG WR EH D UHDOO\ DPD]LQJ LQVWUXFWRU 6R ZH
FDPH XS ZLWK D PRGHO WKDW PLJKW ZRUN ۢ3DSHU PRFN XSۣ  ,۟OO KDYH WR WKLQN PRUH DERXW
ZKHWKHU , FRXOG LPSOHPHQW WKH WKLQJ KH QHHGV LQ VR॑ZDUH :LWK KLV ۢUHVHDUFK KDWۣ RQ
ZH VDZ WKDW H[SRVLWRU\ WH[W LV YHU\ GL੘HUHQW IURP ZKDW PLJKW EH FDOOHG ۢTXDVLIRUPDOۣ
PDWKHPDWLFV ۙ DQG 3ODQHW0DWK KDV D ORW RI WKH OD॔HU :LWK WKLQJV OLNH WKLV \RX GRQ۟W
VHH ZKDW WKH SRLQW LV 2QH GHਖ਼QLWLRQ SRLQWV \RX WR DQRWKHU , XVHG WR ZULWH D ORW OLNH
WKDW ,W۟V LQWHUHVWLQJ WR WKLQN DERXW KRZ WKLV FRXOG EH LPSURYHG HLWKHU RQ 3ODQHW0DWK
RU :LNLSHGLD ZKLFK RQ DYHUDJH LV EH॔HU LQ WKLV UHJDUG DOUHDG\
'D\  RI क़HOG ZRUN 'LG DQ\ RI \RXU K\SRWKHVHV JHW FRUURERUDWHG DV D UHVXOW RI
\RXU GDWD DQDO\VLV" ,I VR ZKLFK ZK\ DQG KRZ VWURQJO\" ۢ+RZ FRXOG 3ODQHW0DWK
KHOS ZLWK WKDW"ۣ ZDV DQ RQJRLQJ TXHVWLRQ ,Q VRPH FDVHV WKH DQVZHU ZDV YHU\ ۢK\SR
WKHWLFDOۣ EXW LQ JHQHUDO WKHUH WHQGHG WR EH DQ DQVZHU )RU LQVWDQFH ORRNLQJ DW VRPH RI
WKH UDWKHU ۢEDGۣ LQ -DPLH۟V YLHZ DUWLFOHV WKURXJK WKH OLQJXLVWLFV RI PDWKHPDWLFV YLHZ RI
0RKDQ , FDQ VHH KRZ 3ODQHW0DWK PLJKW LQWHJUDWH D WRRO WKDW FRXOG VKRZ KRZ ۢIRUPDOۣ
D JLYHQ DUWLFOH LV DQG KHOS OHDG DXWKRUV WR SUHVHQW WKHLU ZRUN ZLWK VXLWDEOH H[SRVLWRU\
GHWDLOV 6RPH RI WKLV , FRXOG OLNHO\ GR HYHQ PRUH FKHDSO\ ZLWKRXW ZDLWLQJ IRU 0RKDQ۟V
ZRUN WR EH FRPSOHWHG


) $ FULWLFDO DSSDUDWXV DSSOLHG
WR GHYHORSHU GLVFXVVLRQV
>,@W LV E\ KHDGORQJ ढLJKW WKDW WKLQJV SURJUHVV DQG VLJQV SUROLIHUDWH
'HOHX]H 	 *XD॔DUL  S 
7DEOH  FROOHFWV WKH WKHPHV IURP&KDSWHU  >i SS @ DQG H[SDQGV WKHPXVLQJ
NH\ SRLQWV IURP WKH OLWHUDWXUH UHYLHZ FRQGXFWHG LQ &KDSWHU  )LJXUH  >i S @ ॡH
LVVXHV LGHQWLਖ਼HG LQ &KDSWHU  VXPPDUL]HG DV ۙ͢Ͱ LQ 7DEOH  >i S @ DSSHDU DV
IXUWKHU DQQRWDWLRQV ॡLV VKRZV WKDW PDQ\ RI LGHDV IURP WKH LQLWLDO ZRUN ZLWK SRWHQWLDO
VWDNHKROGHUV ZHUH VWLOO SRLQWV IRU GLVFXVVLRQ LQ WKH XVHU HYDOXDWLRQ XQGHUVFRULQJ WKHLU
LPSRUWDQFH ZKLOH VKRZLQJ WKDW WKH XQGHUO\LQJ LVVXHV DUH QRW IXOO\ UHVROYHG
ॡHPDSSLQJ KHUH FRQਖ਼UPV WKH UHOHYDQFH IRU 3ODQHW0DWK XVHUV RI VRPH RI WKH QRWLRQV
FRPLQJ IURP WKH OLWHUDWXUH )RU H[DPSOH LQ &KDSWHU  LW ZDV REVHUYHG WKDW ͬ ۢ8VHUV
ZDQW WR EH DEOH WRPDNH DGDSWDWLRQV WKDW OHDYH WUDFHV DQG VLPSOH FXVWRPL]DWLRQV WKDW GRQڥWۣ
ॡLV LV FRQQHFWHG WR 0F&DOOD۟V LGHD RI ۢJUDGXDO ORFDOL]HG DFFXPXODWLRQ RI LQIRUPDWLRQۣ
2EVHUYLQJ WKDW Ͱ ۢ&RPSXWHU XQGHUVWDQGLQJ DQG IRUPDO WKHRULHV RI TXDOLW\ DQG HठHFWLYH
VRFLDO KHXULVWLFV DUH JRRG ORQJWHUP JRDOVۣ FRQQHFWV ZLWK 0F&DOOD۟V LGHD DERXW ۢVXSSRUW
LQJ SXUSRVHEDVHG XVHۣ LOOXVWUDWHV WKDW WKHUH LV TXLWH D ELW RI ZRUN QHHGHG WR XQGHUVWDQG
WKH SUDJPDWLF SXUSRVHV WKDW DUH LQYROYHG LQ PDWKHPDWLFDO DFWLYLWLHV
&KDSWHU  JDWKHUHG LGHDV DERXW XVHU IHHGEDFN ͣ DQG LQYROYLQJ XVHUV LQ WHFKQLFDO
ZRUN ͫ WKDW KDG QRW EHHQ HQFRXQWHUHG LQ WKH OLWHUDWXUH UHYLHZ ॡHUH LV RI FRXUVH
D KHDOWK\ OLWHUDWXUH RQ HQGXVHU SURJUDPPLQJ DQG FRQWULEXWLRQV WR IUHHRSHQ VRXUFH
VR॑ZDUH ॡLV PDWHULDO LV UHOHYDQW WR D SDUDJRJLFDO DSSURDFK EXW LW LV HDV\ WR VHH ZK\ LW
GLG QRW FRPH XS LQ &KDSWHU  JLYHQ WKH DLPV VWDWHG WKHUH >i S @ ॡLV GRHV VXJJHVW
WKH QHHG IRU FDXWLRQ LQ DSSOLFDWLRQV RI WKH SDUDJRJ\ IUDPHZRUN

7R EH VXFFHVVIXO V\VWHP GHYHORSHUV PXVW ਖ਼QG ZD\V WR PHVK ZKDW KDSSHQV
RQ WKH VLWH ZLWK SDUWLFLSDQWV۟ SKHQRPHQDO H[SHULHQFHV RI PDWKHPDWLFV
KXPDQ ODQJXDJH
VHQVRU\ SHUFHSWLRQ
ORJLF DQG GHGXFWLRQ
LQWXLWLRQ DVVRFLDWLRQ DQG PHWDSKRU
VWLPXOXVUHVSRQVH
SURFHVV DQG WLPH
VRFLDOL]DWLRQ >ͮ@
FRQWHQW
ࣼ FRPPXQLW\ >ͨ@
FDWDORJ >ͨ@
RUJDQL]DWLRQ
VR॑ZDUH >ͪ@
ॡHUH ZLOO EH D ERRVW LQ SDUWLFLSDWLRQ DQG OHDUQLQJUHOHYDQW PHDVXUHV LI
XVHUV FDQ H[SUHVV WKHLU LGHDV HDVLO\ LQ ZUL॔HQ ODQJXDJH
,PSURYHG JUDSKLFV DQG LQWHUDFWLYH IHDWXUHVZLOO DOVR ERRVW SDUWLFLSDWLRQ DQG
OHDUQLQJUHOHYDQW PHDVXUHV >ͭ@
ۢ3URMHFWVۣ VKRXOG EH PRGHOHG DV SURJUHVVLYH SUREOHP VROYLQJ >ͥ@
SHUVRQDO D॔HQWLRQ
SXEOLF VWDWHPHQWV
DUJXPHQWDWLRQ DQG UDWLRQDOH
VKDUHG XQGHUVWDQGLQJ
FROODERUDWLYH NQRZOHGJH
FXOWXUDO DUWLIDFWV
SHUVRQDO FRPSUHKHQVLRQ
ॡH SURFHVV RI SURJUHVVLYH LQIRUPDO SUREOHP VROYLQJ PDSV RQWR WKH KLV
WRU\ RI LQWHUDFWLRQV DQG FXUDWRULDO DFWLYLWLHV >ͤ ͧ@
5ROHV FDQ UHJXODWH EHKDYLRU LQ WKH SURMHFW EXW PRVW UROHV DUH HSKHPHUDO
&ROOHFWLRQV EDVHG RQ XVH WUDFNLQJ FDQ KHOS XVHUV FUHDWHPRUH FRQFUHWH UROHV
JUDGXDO ORFDOL]HG DFFXPXODWLRQ RI LQIRUPDWLRQ >ͬ@
ω IRFXVHG RQ WKH HQG XVHU
VXSSRUWLQJ SXUSRVHEDVHG XVH >Ͱ@
:KHQ FRPSDUHG ZLWK ۢFORVHGۣ SURGXFWLRQ ۢRSHQۣ SURGXFWLRQ FRPHV ZLWK
D KRVW RI QHZ SUREOHPV WR VROYH
৲ UHOHYDQFH ੍ TXDOLW\ >͢@ ਏ VFDODELOLW\ ਽ FRQVLVWHQF\ ਡPRWLYDWLRQ >͢@
8VHUV QHHG IHHGEDFN DQG IROORZ WKURXJK FRQVLVWHQF\ LV LPSRUWDQW LQ VRFLDO
LQWHUDFWLRQV QRW MXVW IRU H[SRVLWRU\ FRQWHQW >ͣ ͫ@
ॺ &RQFUHWH DSSOLFDWLRQV DUH DQ LQGLFDWRU RI TXDOLW\ >ͦ ͯ@
3HRSOH ZLOO EH ZLOOLQJ WR SXW LQ H੘RUW LI LW KHOSV WKHP EXLOG ۢOLWHUDFLHVۣ WKDW
WKH\ FDQ XVH WR UHOLDEO\ DFKLHYH WKHLU LQIRUPDO JRDOV
ॆ JH॔LQJ LQIRUPDWLRQ
ी JLYLQJ LQIRUPDWLRQ
ा UHSXWDWLRQ EXLOGLQJ
ऽ UHODWLRQVKLS GHYHORSPHQW >ͩ@
ि UHFUHDWLRQ
़ VHOIGLVFRYHU\
ऻ FRQVWUXFWLYH IHHGEDFN
7DEOH  $ FULWLFDO DSSDUDWXV ZLWK PQHPRQLFV
$SSHQGL[ ) $ FULWLFDO DSSDUDWXV
ॡH LGHD LV QRW WKDW WKH KHXULVWLF FRQFHSWV LQ 7DEOH  VKRXOG EH ۢFRUUHFWHG DQG LPSURYHG
XQWLO DW ODVW WKH\ DUH ZRUWK\ RI D SODFH LQ WKH OLVW RI IXQGDPHQWDOVۣ %DWHVRQ  S 
5DWKHU PXFK LQ WKH VDPH ZD\ LQ ZKLFK WKH ۢJUDPPDUۣ LQ 7DEOH  >i S @ FRXOG
EH XVHG WR SDUVH PDWKHPDWLFDO DFWLYLWLHV 7DEOH  FDQ EH XVHG DV SDUW RI D ZRUNLQJ ODQ
JXDJH WKDW GHVFULEHV WKH ۢSDUDPDWKHPDWLFDOۣ DFWLYLWLHV WKDW DUH LQYROYHG LQ EXLOGLQJ DQG
LPSURYLQJ 3ODQHW0DWK 6RPHWKLQJ OLNH WKLV VHHPV QHFHVVDU\ LI PDWKHPDWLFV LV WR RQFH
DJDLQ EH VHHQ DV ۢD OLYLQJ VFLHQFHۣ ∗ ,Q SULQFLSOH WKLV DSSDUDWXV FDQ EH DSSOLHG WR FRQQHFW
WKH SUREOHPV WKDW VWLOO H[LVW LQ WKH ZRUNLQJ SURWRW\SH ZLWK WKH UHVHDUFK OLWHUDWXUH DQG
WKH UHVHDUFK DQG GHYHORSPHQW SURJUDPPH /LNH WKH 3HHUDJRJ\ SD॔HUQ ODQJXDJH WKLV
DSSDUDWXV VKRXOG EH XVHG DV D GLVWULEXWHG 5RDGPDS RU UDWKHU D VHW RI URDGVLJQV $V ZLWK
WKH 5RDGPDS SD॔HUQ LW VKRXOG EH UHJXODUO\ UHYLVHG
!
$ VLPLODU OH[LFRQ VKRXOG EH GHYHORSHG WR FRGH WKH H[SRVLWRU\ IHDWXUHV RI PDWKH
PDWLFDO WH[W ॡH ۢGDQJHURXV EHQGۣ VLJQ IURP %RXUEDNL LV D SURWRW\SH
$SSOLFDWLRQ FRGLQJ GHYHORSHU GLVFXVVLRQV ॡLV DSSDUDWXV LV DSSOLHG KHUH WR FRGH
HOHYHQ RXWVWDQGLQJ EXW KLJKSULRULW\ LVVXHV VHOHFWHG IURP WKH 3ODQHWDU\ *LWKXE WUDFNHU
ॡLV FRGLQJ VHHPV SDUWLFXODUO\ VXLWDEOH IRU DSSOLFDWLRQ DW WKH SHUWLFNHW OHYHO DOWKRXJK
LW FRXOG SRWHQWLDOO\ EH XVHG DW ਖ਼QHJUDLQHG OHYHOV WR GLUHFWO\ DQQRWDWH WH[W ॡLV KHOSV
WR FRQQHFW WKH WKHRUHWLFDO ZRUN GHYHORSHG LQ WKH WKHVLV ZLWK WKH HYHU\GD\ FRQFHUQV RI
GHYHORSHUV DQG KHOSV WR FKHFN WKH FRPSOHWHQHVV RI WKH DSSDUDWXV
ॡH G\QDPLFV RI GHYHORSHU LQWHUDFWLRQV ZHUH QRW VWXGLHG LQ GHWDLO LQ WKH WKHVLV EXW
WKH GDWD LV RQOLQH IRU FXULRXV UHDGHUV IRU H[DPSOH ,VVXH  LV D SULPH H[DPSOH RI
VRFLDO SUREOHP VROYLQJ ,VVXH  LV PDQDJHG E\ RQH SHUVRQ ZLWK XSGDWHV SRVWHG LQ D
EORJOLNH PDQQHU $॑HU DQ LQLWLDO LQIRUPDWLRQJDWKHULQJ SKDVH ,VVXH  LV VWLOO RSHQ
DOWKRXJK SUHOLPLQDU\ ZRUN RQ ,VVXH  LV FRPSOHWHG LQ D EUDQFKۦ ॡHVH WLFNHWV DOVR
KHOS WR LOOXVWUDWH P\ UROH ZLWKLQ WKH 3ODQHWDU\ SURMHFW DV ERWK ۢGHVLJQHUۣ DQG ۢVR॑ZDUH
LQWHJUDWRUۣ , RSHQHG  RXW RI  RU  RI WKH WRWDO LVVXHV DV ZHOO DV SURJUDPPHU
, FORVHG  RU  RI WKH FORVHG LVVXHV ॡH IXOO VHW RI WLFNHWV LV RQOLQHۧ DORQJ ZLWK
DGGLWLRQDO VXPPDU\ LQIRUPDWLRQ RQ GHYHORSHU SDUWLFLSDWLRQ LQ WKH 3ODQHWDU\ SURMHFWi
∗(DUO\ YROXPHV LQ 6SULQJHU۟V *UDGXDWH 7H[WV LQ 0DWKHPDWLFV VHULHV LQFOXGH WKLV QRWH LQ WKH EDFNPD॔HU
ۢ$ VWXGHQW DSSURDFKLQJ PDWKHPDWLFDO UHVHDUFK LV RࡆHQ GLVFRXUDJHG E\ WKH VKHHU YROXPH RI WKH OLWHUDWXUH
DQG WKH ORQJ KLVWRU\ RI WKH VXEMHFW HYHQ ZKHQ WKH DFWXDO SUREOHPV DUH UHDGLO\ XQGHUVWDQGDEOH *UDGXDWH
7H[WV LQ 0DWKHPDWLFV LV LQWHQGHG WR EULGJH WKH JDS EHWZHHQ SDVVLYH VWXG\ DQG FUHDWLYH XQGHUVWDQGLQJ LW
RठHUV LQWURGXFWLRQV RQ D VXLWDEO\ DGYDQFHG OHYHO WR DUHDV RI FXUUHQW UHVHDUFK ࡍHVH LQWURGXFWLRQV DUH QHLWKHU
FRPSOHWH VXUYH\V QRU EULHI DFFRXQWV RI WKH ODWHVW UHVXOWV RQO\ ࡍH\ DUH WH[WERRNV FDUHIXOO\ GHVLJQHG DV WHDFKLQJ
DLGV WKH SXUSRVH RI WKH DXWKRUV LV LQ HYHU\ FDVH WR KLJKOLJKW WKH FKDUDFWHULVWLF IHDWXUHV RI WKH WKHRU\ *UDGXDWH
7H[WV LQ 0DWKHPDWLFV FDQ VHUYH DV WKH EDVLV IRU DGYDQFHG FRXUVHV ࡍH\ FDQ HLWKHU EH WKH PDLQ RU VXEVLGLDU\
VRXUFHV IRU VHPLQDUV DQG WKH\ FDQ EH XVHG IRU SULYDWH VWXG\ ࡍHLU JXLGLQJ SULQFLSOH LV WR FRQYLQFH WKH VWXGHQW
WKDW PDWKHPDWLFV LV D OLYLQJ VFLHQFHۣ
ۦ?iiTb,ff;Bi?m#X+QKfK@BM+mfTHM2i`v
ۧ?iiTb,ff;Bi?m#X+QKfEq_*fTHM2i`vfBbbm2b
i?iiTb,ff;Bi?m#X+QKfEq_*fTHM2i`vf+QMi`B#miQ`b

$SSHQGL[ ) $ FULWLFDO DSSDUDWXV
 HGLWRU QHHGV WR EH VXSSOHPHQWHG ZLWK D ۢFKHDW VKHHWۣ
ॡH HGLWRU FRXOG EH PDGH PXFK HDVLHU WR XVH ZLWK D FKHDW VKHHW DQG PRUH
EX॔RQV
 64/LWH LQVWHDG RI 0\64/
 ਡ ,W ZRXOG EH JRRG LI FRQWULEXWLQJ GHYHORSHUV FRXOG JHW VWDUWHG ZLWK DQ LQVWDQW
GHSOR\PHQW DQG 64/LWH ZRXOG EH RQH ZD\ WR KHOS ZLWK WKLV
 3ODQHWDU\ VKRXOG GR EH॔HU HUURU UHSRUWLQJ IRU /$7(;0/ IDWDO HUURUV ZDV VLOHQW
IDLOXUH RI 'UX7(;0//$7(;0/ IRU SRVWV FRQWDLQLQJ DQ XQHVFDSHG ۢ V\PEROۣ
 ,W۟V YHU\ FRQIXVLQJ IRU XVUV LI WKH\ GRQ۟W JHW IHHGEDFN RQ HUURUV LQ VRXUFH FRGH
WKH\ VXEPLW 2WKHU VHUYLFHV OLNH 6KDUH/$7(; GR D UHODWLYHO\ QLFH MRE ZLWK WKLV
ZLWK OLQHOHYHO PDUNXS WR LQGLFDWH HUURUV
 NLOOHU IHDWXUH XVH JLW WR IDFLOLWDWH LQVWDQW UHYLVLRQV
 :LWK VXLWDEOH LQWHJUDWLRQ *LW FRXOG EH XVHG ZLWKLQ 3ODQHWDU\ LQ RUGHU WR JHW
WKH EHVW RI ERWK 1R¸VSKHUHVW\OH RZQHUVKLS DQGZLNLVW\OH HGLWLQJ ॡHZRUN
GRQH RQ WKH 0DWK+XE IURQWHQG GRHV QRW VXSSRUW WKLV VRUW RI IHDWXUH \HW
 0HWDWLFNHW IRU PRGXOH FOHDQLQJ SURFHVV
 ਽ 7R KHOS IXWXUH GHYHORSHUV WKH VRXUFH FRGH QHHGV D ORW RI UHIDFWRULQJ 'UXSDO
KDV D ۢVXEPRGXOHۣ IHDWXUH WKDW FDQ EH XVHG WR RUJDQL]H WKLQJV
 PDNH WKH XVHU H[SHULHQFH IDVWHU IRU FRQWULEXWLQJ DXWKRUV
&XUUHQWO\ XVHUV KDYH WR ZDLW IRU SURFHVVLQJ ZKLFK ZRXOG EH EH॔HU WR GR LQ
WKH EDFNJURXQG
 GHYHORSHU GRFV
 ी 'RFXPHQWDWLRQ WKDWZLOO KHOS SHRSOHZKR DUH LQWHUHVWHG LQ GHYHORSPHQWZRUN
KDYH D JRRG H[SHULHQFH PD\ KHOS WR EULQJ LQ PRUH YROXQWHHUV
 GHDO ZLWK VXESDWK IRU LPDJH FRQYHUVLRQV ZDV VHQG LQ EDVHSDWK DV /$7(;0/ ਗ਼DJ
/LQNV%DFNOLQNV EHWZHHQ JDOOHU\ SDJHV DQG WKH GRFXPHQWV WKDW XVH WKH LPDJHV
DUH QRW FXUUHQWO\ DYDLODEOH
 691JLW LQWHJUDWLRQ
ਏ (YHQ ZLWKRXW IDQF\ 8, IHDWXUHV DQG DZDUHQHVV RI WKH RZQHUVKLS PRGHO *LW
FRXOG EH XVHG GLUHFWO\ IRU VWRULQJ UHYLVLRQV ॡLV LV GRQH LQ WKH 0DWK+XE
EUDQFK RI 3ODQHWDU\

$SSHQGL[ ) $ FULWLFDO DSSDUDWXV
 EXLOG V\VWHP
 ,I /$7(;0/ FKDQJHV RU LI WKHUH LV VRPH RWKHU UHDVRQ ZH QHHG WR UHEXLOG DOO RI
WKH FRQWHQW ZH FXUUHQWO\ GR WKLV ZLWK D VFULSW EXW WKLV GRHV QRW JLYH IHHGEDFN
RQ ZKLFK DUWLFOHV RU PDFURV DUH EUHDNLQJ ॡHUH LV D VHSDUDWH /$7(;0/ EXLOG
V\VWHP EXW WKLV LV QRW LQWHJUDWHG ZLWK 3ODQHWDU\
 LQWHJUDWH -2%$' LQWR SODQHWDU\
੍ -2%$' LV D -DYDVFULSW SDFNDJH WKDW KDV EHHQ XVHG RQ D GHPRQVWUDWLRQ EDVLV
WR EXLOG LQWXLWLYH SRLQWDQGFOLFN LQGRFXPHQW LQWHUDFWLRQV OLNH SHUOLQH FRU
UHFWLRQV DQG FRPPHQWV


$EEUHYLDWLRQV
$$5 $॑HU $FWLRQ 5HYLHZ
$30͐ $XVWLQ 3UREOHPV LQ 0DWKHPDWLFV ۙ &URVV,QGH[
&&%\1&6$ &UHDWLYH &RPPRQV $॔ULEXWLRQ1RQ&RPPHUFLDO6KDUH$OLNH OLFHQVH
&&%\6$ &UHDWLYH &RPPRQV $॔ULEXWLRQ6KDUH$OLNH OLFHQVH
&06 &RQWHQW 0DQDJHPHQW 6\VWHP
)/266 )UHH/LEUH2SHQ 6RXUFH 6R॑ZDUH
*18 *18۟V 1RW 8QL[
*18 )'/ *18 )UHH 'RFXPHQWDWLRQ /LFHQVH
+'0 +\SHUUHDO 'LFWLRQDU\ RI 0DWKHPDWLFV
.:$5& .QRZOHGJH $GDSWDWLRQ DQG 5HDVRQLQJ IRU &RQWHQW
/,:& /LQJXLVWLF ,QTXLU\ DQG :RUG &RXQW
022&V 0DVVLYH 2SHQ 2QOLQH &RXUVHV
06& 0DWKHPDWLFV 6XEMHFW &ODVVLਖ਼FDWLRQ
338 3HHU  3HHU 8QLYHUVLW\
5') 5HVRXUFH 'HVFULSWLRQ )UDPHZRUN
5')D 5HVRXUFH 'HVFULSWLRQ )UDPHZRUNLQD॔ULEXWHV
5(3/ 5HDG(YDO3ULQW /RRS
:<6,:<* :KDW <RX 6HH ,V :KDW <RX *HW


,QGH[
VLJPD SUREOHP 
& PRGHO 
$
$ 6SHFLडF 3URMHFW   
DFFRPPRGDWLRQ 
DFWLRQDEOH NQRZOHGJH 
DFWLYLW\ VWUHDPV  
DGDSWDWLRQ  
$॑HU $FWLRQ 5HYLHZ 
DQGUDJRJ\ 
DQVZHUV 
DQWKURSRORJ\  
$30͐ 
DSSDUDWXV 
DUFKLWHFWXUHV IRU FROODERUDWLRQ 
$WL\DK 0LFKDHO 
D॔DFK
SUREOHPV WR DUWLFOHV 
VROXWLRQV WR SUREOHPV 
DXWKRULW\ PRGHO 
DXWRPDWLF OLQNLQJ  
DXWRVDYH 
%
%DWHVRQ *UHJRU\  
%HHU 6WD੘RUG  
EORJ 
EXGG\ OLVW 
EXJ UHSRUWV
,Q UH 338 V\VWHP IHDWXUHV 
,Q UH 3ODQHWDU\ V\VWHP IHDWXUHV 
,Q UH 3ODQHW0DWK FRQWHQW  
EXON SURFHVVLQJ 
&
&DUU\LQJ &DSDFLW\  
&DYDOOR 'DYLG 
&&%\1&6$ 
&&%\6$  
FHQWUDOL]HG SURGXFWLRQ 
FODVVURRP H[SHULPHQWV 
FRDXWKRU 
FROODERUDWLRQ 
FRPPLWPHQW
RI FRXUVH RUJDQL]HUV 
RI FRXUVH SDUWLFLSDQWV 
FRPPXQLFDWLRQ 
FRPPXQLW\ QRUPV  
FRPPXQLW\ VWDQGDUGV 
FRPSHWLWRUV WR 3ODQHW0DWK 
FRPSXWHU DOJHEUD 
FRPSXWHU PDWKHPDWLFV 
FRQFUHWHQHVV 
FRQMHFWXUHV 
FRQQHFWLYLVP 
&RQROH *U£LQQH 
FRQVWUXFWLRQLVP  
FRQVWUXFWLYH VHDUFK 
FRQVWUXFWLYLVP    
&RQWHQW 0DQDJHPHQW 6\VWHP 
FRQWH[W    
FRQWURO PHFKDQLVPV 
FRRSHUDWLRQ 
FRUUHFWLRQV 
&5& 3UHVV 
&UHDWLQJ D *XLGH  
FULWLFDO DSSDUDWXV 
FXOWXUDO DGDSWDWLRQ 

FXOWXUH   
FXUULFXOXP 
'
'HOHX]H *LOOHV 
GHSOR\PHQW 
GHVLGHUDWD  
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$ERXW WKLV GRFXPHQW
ॡH W\SHIDFH LV WKH /LQX[ /LEHUWLQH IRQW E\ 3KLOLSS + 3ROO DQG WKH /LEHUWLQH 2SHQ
)RQWV 3URMHFW /LEHUWLQH LV D SURSRUWLRQDO VHULI W\SHIDFH LQVSLUHG E\ WK FHQWXU\ ERRN
W\SH ,W LV LQWHQGHG DV D IUHHRSHQ VRXUFH UHSODFHPHQW IRU WKH 7LPHV IRQW IDPLO\ ॡH
GRFXPHQW ZDV FRPSLOHG ZLWK ;Ő/$7(;
